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Description

Technical Field

[0001] The present invention relates to a novel phosphor composition applicable to various kinds of light-emitting
devices such as a white light-emitting diode (hereinafter, referred to as a "white LED"). In particular, the present invention
relates to a phosphor composition that is excited with near-ultraviolet light, violet light, or blue light to emit light in a warm
color such as orange or red and a method for producing the phosphor composition, and a light-emitting device using
the phosphor composition.

Background Art

[0002] Conventionally, for example, the following nitride phosphors have been known. These nitride phosphors can
be excited with ultraviolet light - near-ultraviolet light - violet light - blue light, and emit visible light in a warm color having
an emission peak in a wavelength range of 580 nm to less than 660 nm. Therefore, these nitride phosphors also have
been known to be suitable for a light-emitting device such as a white LED light source.

(1) M2Si5N8:Eu2+ (see JP 2003-515665 A)
(2) MSi7N10:Eu2+ (see JP 2003-515665 A)
(3) M2Si5N8:Ce3+ (see JP 2002-322474 A)
(4) Ca1.5Al3Si9N16:Ce3+ (see JP 2003-203504A)
(5) Ca1.5Al3Si9N16:Eu2+ (see JP 2003-124527 A)
(6) CaAl2Si10N16:Eu2+ (see JP 2003-124527 A)
(7) Sr1.5Al3Si9N16:Eu2+ (see JP 2003-124527 A)
(8) MSi3N5:Eu2+ (see JP 2003-206481 A)
(9) M2Si4N7:Eu2+ (see JP 2003-206481 A)
(10) CaSi6AlON9:Eu2+ (see JP 2003-2064481 A)
(11) Sr2Si4AlON7:Eu2+ (see JP 2003-206481 A)
(12) CaSiN2:Eu2+ (see S.S. Lee, S. Lim, S.S. Sun and J.F Wager, Proceedings of SPIE-the International Society
for Optical Engineering, Vol. 3241 (1997), pp. 75-83)

[0003] In the above phosphors, "M" represents at least one alkaline-earth metal element (Mg, Ca, Sr, Ba), or zinc (Zn).
[0004] Conventionally, such nitride phosphors have been produced mainly by the following production method: a
nitride of the element "M" or metal, and a nitride of silicon and/or a nitride of aluminum are used as materials for a
phosphor host, and they are allowed to react with a compound containing an element that forms a luminescent center
ion in a nitriding gas atmosphere. Furthermore, a conventional light-emitting device has been configured using such a
nitride phosphor.
[0005] However, because the request for the above-mentioned light-emitting device is being diversified year after
year, there is a demand for a novel phosphor different from the above-mentioned conventional nitride phosphor. In
particular, there is a great demand for a light-emitting device containing a large amount of the above-mentioned light-
emitting component in a warm color, above all, a red light-emitting component, and there is a strong demand for the
development of such a light-emitting device. However, actually, only a small number of phosphor ingredients are available,
so that there is a need for developing a novel phosphor ingredient and a novel light-emitting device containing a large
amount of light-emitting component in a warm color.
[0006] Furthermore, according to the conventional method for producing a nitride phosphor, it is difficult to obtain and
produce a high-purity material, and a nitride phosphor is produced using, as a main material, a nitride of alkaline-earth
metal, alkaline-earth metal, or the like, which is difficult to handle in the atmosphere due to its chemical instability.
Therefore, it is difficult to mass-produce a high-purity phosphor, reducing the production yield, which increases the cost
of a phosphor.
[0007] Furthermore, in the conventional light-emitting device, there is only a small number of kinds of applicable
phosphor ingredients. Therefore, there is no room for selecting a material, and a manufacturer that supplies a phosphor
is limited. Consequently, a light-emitting device becomes expensive. Furthermore, there is a small number of kinds of
inexpensive light-emitting devices with a high emission intensity of a light-emitting component in a warm color (in par-
ticular, red) and with a large special color rendering index R9.
[0008] The present invention has been achieved in order to solve the above-mentioned problems, and its object is to
provide a novel phosphor composition capable of emitting light in a warm color, in particular, a phosphor composition
emitting red light. Another object of the present invention is to provide a method for producing a phosphor composition
that can be produced at a low cost, suitable for mass-production of the nitride phosphor composition according to the
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present invention. Still another object of the present invention is to provide an inexpensive light-emitting device with a
high emission intensity of a light-emitting component in a warm color (in particular, red) and with a large special color
rendering index R9.
[0009] Regarding the technique of measuring the internal quantum efficiency and the external quantum efficiency of
a phosphor according to the present invention, a technique capable of conducting measurement with high precision
already has been established. Regarding a part of phosphors for a fluorescent lamp, absolute values of the internal
quantum efficiency and the external quantum efficiency under the irradiation of light (excitation with ultraviolet light of
254 nm) with a particular excitation wavelength are known (e.g., see "Publication of Illuminating Engineering Institute
of Japan" by Kazuaki Ohkubo et al., 1999, Vol. 83, No. 2, p. 87).

Disclosure of Invention

[0010] The present invention is directed to a phosphor composition according to claim 1.
[0011] Furthermore, the present invention is directed to a light-emitting device according to claim 11.

Brief Description of Drawings

[0012]

FIG. 1 is a cross-sectional view of a semiconductor light-emitting device.
FIG. 2 is a cross-sectional view of a semiconductor light-emitting device.
FIG. 3 is a cross-sectional view of a semiconductor light-emitting device.
FIG. 4 is a schematic view showing a configuration of an illumination · display device.
FIG. 5 is a schematic view showing a configuration of an illumination · display device.
FIG. 6 is a perspective view of an illumination module .
FIG. 7 is a perspective view of an illumination module .
FIG. 8 is a perspective view of an illumination device
FIG. 9 is a side view of an illumination device .
FIG. 10 is a bottom view of the illumination device shown in FIG. 9.
FIG. 11 is a perspective view of an image display device .
FIG. 12 is a perspective view of a number display device .
FIG. 13 is a partial cut-away view of an end portion of a fluorescent lamp.
FIG. 14 is a cross-sectional view of an EL panel .
FIG. 15 is a diagram showing an emission spectrum and an excitation spectrum of a phosphor composition in
Reference Example 1.
FIG. 16 is a diagram showing an X-ray diffraction pattern of the phosphor- composition in Reference Example 1.
FIG. 17 is a diagram showing an emission spectrum and an excitation spectrum of a phosphor composition in
Reference Example 2.
FIG. 18 is a diagram showing an X-ray diffraction pattern of the phosphor composition in Reference Example 2.
FIG. 19 is a diagram showing an emission spectrum of a phosphor composition related to Reference Example 2.
FIG. 20 is a diagram showing the relationship between an Eu replacement amount and an emission peak wavelength
of the phosphor composition related to Reference Example 2.
FIG. 21 is a diagram showing the relationship between an Eu replacement amount and an emission intensity of the
phosphor composition related to Reference Example 2.
FIG. 22 is a diagram showing an emission spectrum and an excitation spectrum of a phosphor composition in
Reference Example 3
FIG. 23 is a diagram showing an emission spectrum and an excitation spectrum of a phosphor composition in
Reference Example 4.
FIG. 24 is a diagram showing an emission spectrum and an excitation spectrum of a phosphor composition in
Example 5 of the present invention.
FIG. 25 is a diagram showing an emission spectrum and an excitation spectrum of a phosphor composition in
Example 6 of the present invention.
FIG. 26 is a diagram showing an emission spectrum and an excitation spectrum of a phosphor composition in
Example 7 of the present invention.
FIG. 27 is a diagram showing an emission spectrum and an excitation spectrum of a phosphor composition in
Example 8 of the present invention.
FIG. 28 is a ternary system of composition showing a composition range of the phosphor composition.
FIG. 29 shows emission characteristics of a SrSiN2:Eu2+ red phosphor.
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FIG. 30 shows emission characteristics of a SrAlSiN3:Eu2+ red phosphor.
FIG. 31 shows emission characteristics of a Sr2Si5N8:Eu2+ red phosphor.
FIG. 32 shows emission characteristics of a (Ba, Sr)2SiO4:Eu2+ green phosphor.
FIG. 33 shows emission characteristics of a (Sr, Ba)2SiO4:Eu2+ yellow phosphor.
FIG. 34 shows emission characteristics of a (Sr, Ca)2SiO4:Eu2+ yellow phosphor.
FIG. 35 shows emission characteristics of a 0.75CaO·2.25 AlN·3.25 Si3N4: Eu2+ yellow phosphor.
FIG. 36 shows emission characteristics of a (Y, Gd)3Al5O12:Ce3+ yellow phosphor.
FIG. 37 shows emission characteristics of a BaMgAl10O17:Eu2+ blue phosphor.
FIG. 38 shows emission characteristics of a Sr4Al14O25:Eu2+ blue-green phosphor.
FIG. 39 shows emission characteristics of a (Sr, Ba)10(PO4)6Cl2:Eu2+ blue phosphor.
FIG. 40 shows emission characteristics of a La2O2S:Eu3+ red phosphor.
FIG. 41 is a perspective view of a light-emitting device in Reference Example 26 .
FIG. 42 a partial cross-sectional view of the light-emitting device in Reference Example 26.
FIG. 43 shows an emission spectrum of the light-emitting device in Reference Example 26.
FIG. 44 shows an emission spectrum of the light-emitting device in Comparative Example 6.
FIG. 45 shows results obtained by simulating the relationship between the correlated color temperature and the
relative luminous flux in Example 26 and Comparative Example 6.
FIG. 46 shows results obtained by simulating the relationship between the correlated color temperature and Ra in
Example 26 and Comparative Example 6.
FIG. 47 shows results obtained by simulating the relationship between the correlated color temperature and Ra in
Reference Example 27 .
FIG. 48 shows results obtained by simulating the relationship between the correlated color temperature and R9 in
Reference Example 27 .
FIG. 49 shows results obtained by simulating the relationship between the correlated color temperature and the
relative luminous flux in Reference Example 27.
FIG. 50 shows an emission spectrum of the light-emitting device in Reference Example 27.
FIG. 51 shows an emission spectrum of the light-emitting device in Reference Example 28.
FIG. 52 shows an emission spectrum of the light-emitting device in Comparative Example 7.
FIG. 53 shows results obtained by simulating the relationship between the correlated color temperature and the
relative luminous flux in Reference Example 28 and Comparative Example 7.
FIG. 54 shows results obtained by simulating the relationship between the correlated color temperature and the
relative luminous flux of the light·emitting device using an ideal phosphor in Reference Example 28 and Comparative
Example 7.
FIG. 55 shows results obtained by simulating the relationship between the correlated color temperature and Ra in
Reference Example 28 and Comparative Example 7.
FIG. 56 shows results obtained by simulating the relationship between the correlated color temperature and R9 in
Reference Example 28 and Comparative Example 7.
FIG. 57 shows results obtained by simulating an emission spectrum of the light-emitting device emitting white light
in a warm color at a correlated color temperature of 4500 K (duv = 0) in Reference Example 28 .
FIG. 58 shows results obtained by simulating an emission spectrum of the light-emitting device emitting white light
in a warm color at a correlated color temperature of 5500 K (duv = 0) in Reference Example 28 .

Best Mode for Carrying Out the Invention

[0013] Hereinafter, the present invention will be described by way of embodiments.

Reference Embodiment 1

[0014] First, an example of a phosphor composition will be described. An example of the phosphor composition
contains a phosphor host and a luminescent center ion, and contains, as a main component of the phosphor host, a
composition represented by a composition formula: aM3N2·balm·cSi3N4, where "M" is at least one element selected
from the group consisting of Mg, Ca, Sr, Ba, and Zn, and "a", "b", and "c" are numerical values respectively satisfying
0.2 ≤ a/(a + b) ≤ 0.95, 0.05 ≤ b/(b + c) ≤ 0.8, 0.4 ≤ c/(c + a) ≤ 0.95. When such a composition is used as the phosphor
host, for example, in the case where an Eu2+ ion are added as a luminescent center, the phosphor composition becomes
a phosphor that is excited with ultraviolet light, near-ultraviolet light, violet light, or blue light to emit light in a warm color
such as orange or red.
[0015] Herein, containing a composition as a main component refers to containing a composition in an amount ex-
ceeding 50% by weight, preferably at least 75% by weight, and more preferably at least 85% by weight.
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[0016] The above-mentioned "a", "b", and "c", which are preferable in terms of the emission efficiency and the color
tone of emitted light, are numerical values satisfying 0.2 ≤ a/(a + b) ≤ 0.6, 0.3 ≤ b/(b + c) ≤ 0.8, 0.4 ≤ c/(c + a) ≤ 0.8,
more preferably 0.2 ≤ a/(a + b) ≤ 0.3, 0.6 ≤ b/(b + c) ≤ 0.8, 0.4 ≤ c/(c + a) ≤ 0.6.
[0017] The above-mentioned phosphor host may be a composition represented by a composition formula: MAlSiN3.
[0018] Another example of the phosphor host of the present invention does not contain a composition represented
by a composition formula: M2Si5N8, MSi7N10, M1.5Al3Si9N16, MAl2Si10N16, MSi3N5, M2Si4N7, MSi6AlON9, M2Si4AlON7,
or MSiN2, and is generated by firing a mixed material, in which at least one nitride selected from a nitride of alkaline-
earth metal and a nitride of zinc, europium oxide, silicon nitride, and a nitride of aluminum are mixed in a molar ratio of
2(1- x) : 3x : 2 : 6 (0 < x < 0.1), in nitrogen-hydrogen mixed gas at 1600˚C for 2 hours.
[0019] The element "M", which is preferable in terms of the emission efficiency and the color tone of emitted light, is
at least one element selected from Ca and Sr, and the main component of the element "M" preferably is Ca or Sr for
the purpose of obtaining a phosphor emitting red light with satisfactory purity. The element "M" also may be configured
as a mixture of at least two elements among the above-mentioned group of elements.
[0020] Setting the main component of the element "M" to be Ca or Sr refers to setting a large majority, preferably, at
least 80 atomic% of the element "M" to be Ca or Sr. Furthermore, the composition preferable in terms of the material
management and production is the one in which all the elements "M" are set to be one element among the above-
mentioned group of elements, for example, all the elements "M" are set to be Ca or Sr.
[0021] Furthermore, it is preferable that the composition represented by the above-mentioned composition formula:
MAlSiN3 contains a compound represented by the above-mentioned chemical formula: MAlSiN3, and it is more preferable
that the composition contains the above-mentioned compound as a main component. Although it is preferable that the
phosphor composition of the present embodiment does not contain impurity, the phosphor composition may contain, for
example, at least one of a metal impurity element and a gasifiable impurity element in an amount corresponding to less
than 10 atomic% with respect to at least one of the elements "M", Al, Si, and N. Furthermore, in the case where the
composition is a compound represented by the above-mentioned chemical formula: MAlSiN3, even if there is an excess
or deficiency in Al, Si, or N in the above-mentioned chemical formula: MAlSiN3 in a range not exceeding 10 atomic%, the
phosphor host only needs to contain, as a main component, a compound represented by the chemical formula: MAlSiN3.
More specifically, for the purpose of slightly improving the emission performance of a phosphor, a trace amount or small
amount of impurity can be added, or a composition slightly shifted from a stoichiometric composition can be used.
[0022] For example, in order to slightly improve the emission performance, in the phosphor composition of the present
embodiment, a part of Si also can be replaced by at least one element such as Ge or Ti capable of taking a quadrivalent
state, and a part of A1 also can be replaced by at least one element such as B, Ga, In, Sc, Y, Fe, Cr, Ti, Zr, Hf, V, Nb,
or Ta capable of taking a trivalent state. Herein, "a part" refers to that the atomic number with respect to Si or Al is less
than 30 atomic%, for example.
[0023] The substantial composition range of the above-mentioned composition is presented by
MAl160.3Si160.3N3(160.3)O0-0.3, preferably MAl160.1Si160.1N3(160.1)O0-0.1,
[0024] Furthermore, it is preferable that the above-mentioned composition is represented by, in particular, a compo-
sition formula or a chemical formula: SrAlSiN3 or CaAlSiN3. For example, the composition may have a plurality of alkaline-
earth metal elements, such as (Sr, Ca)AlSiN3, (Sr, Mg)AlSiN3, (Ca, Mg)AlSiN3, or (Sr, Ca, Ba)AlSiN3. In the above
composition formula, O (oxygen) is an impurity element that enters a phosphor composition in the course of production
thereof.
[0025] A phosphor composition is configured by adding at least one of ions to be a luminescent center (luminescent
center ion) to the crystal lattice of a compound constituting the phosphor host. When a luminescent center ion is added
to the phosphor host, a phosphor emitting fluorescence is obtained.
[0026] As the luminescent center ion, a metal ion can be appropriately selected from various kinds of rare-earth ions
and transition metal ions. Specific examples of the luminescent center ion include trivalent rare-earth metal ions such
as Ce3+, Pr3+, Nd3+, Sm3+, Eu3+, Gd3+, Tb3+, Dy3+, Ho3+, Er3+, Tm3+, and Yb3+; divalent rare-earth metal ions such as
Sm2+, Eu2+, and Yb2+; divalent rare-earth metal ions such as Mn2+, trivalent transition metal ions such as Cr3+ and Fe3+;
and quadrivalent transition metal ions such as Mn4+.
[0027] In the phosphor composition of the present reference example, it is preferable, in terms of the emission efficiency,
that the luminescent center ion is at least one ion selected from Ce3+ and Eu2+. Furthermore, when a phosphor contains
such an ion, the phosphor becomes preferable for a white LED. When the luminescent center ion is Eu2+, a phosphor
emitting light in a warm color can be obtained, which is preferable for a light-emitting device, in particular, an illumination
device. When the luminescent center ion is Ce3+, is, a phosphor emitting blue-green light can be obtained, which is
preferable for a light-emitting device with a high color rendering property, in particular, an illumination device.
[0028] In the phosphor composition of the present reference example, it is preferable, in terms of the emission color,
that the luminescent center ion is at least one ion selected from the group consisting of Ce3+, Eu2+, Eu3+, and Tb3+.
When the luminescent center ion is Ce3+, a phosphor with a high efficiency emitting at least blue-green light can be
obtained. When the luminescent center ion is Eu2+, a phosphor with a high efficiency emitting orange to red light can
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be obtained. When the luminescent center ion is Eu3+, a phosphor with a high efficiency emitting red light can be obtained.
When the luminescent center ion is Tb3+, a phosphor with a high efficiency emitting green light can be obtained. Any of
the phosphors emit any light of red, green, or blue with a high color purity to be three primary colors, or orange that is
highly demanded, so that a phosphor preferable for a light-emitting device is obtained.
[0029] The preferable addition amount of the luminescent center ion varies depending upon the kind of the luminescent
center ion. For example, in the case where the luminescent center ion is Eu2+ or Ce3+, the preferable addition amount
of the luminescent center ion is 0.1 atomic% to 30 atomic%, preferably 0.5 atomic% to 10 atomic% with respect to the
above-mentioned element "M". When the addition amount is larger or smaller than the above range, a phosphor is not
obtained that satisfies both the satisfactory emission color and the high luminance. Basically, it is preferable that the
luminescent center ion is added so as to replace a part of a lattice position of the element "M". However, the luminescent
center ion also may be added so as to replace a part of any lattice position of Al and Si.
[0030] The phosphor composition of the present reference example also can be a phosphor with a plurality of lumi-
nescent center ions coactivated. Examples of a phosphor with luminescent center ions coactivated include a phosphor
with a Ce3+ ion and an Eu2+ ion coactivated, a phosphor with an Eu2+ ion and a Dy3+ ion coactivated, a phosphor with
an Eu2+ ion and a Nd3+ ion coactivated, a phosphor with a Ce3+ ion and a Mn2+ ion coactivated, and a phosphor with
an Eu2+ ion and a Mn2+ ion coactivated. Thus, a phosphor with the shapes of an excitation spectrum and an emission
spectrum regulated may be obtained, using a phenomenon in which energy shifts from one luminescent center ion to
another ion, and a long-persistence phosphor with long persistence may be obtained, using an excitation phenomenon
caused by heat.
[0031] Phosphors for a light-emitting device will be described below. Such phosphors can be obtained by varying the
numerical values of the above-mentioned "a", "b", and "c", the elements occupying the element "M", and the kind and
addition amount of the luminescent center ion.

(1) A phosphor emitting light in a warm color, in particular, red light having an emission peak in a wavelength range
of 580 nm to less than 660 nm, preferably 610 nm to 650 nm in terms of the color purity and spectral luminous
efficacy required for a light-emitting device.
(2) A phosphor capable of being excited with the irradiation of near-ultraviolet light or ultraviolet light having an
emission peak in a wavelength range of 350 nm to less than 420 nm, preferably 380 nm to less than 410 nm in
terms of the excitation characteristics required for a light-emitting device.
(3) A phosphor capable of being excited with the irradiation of blue light having an emission peak in a wavelength
range of 420 nm to less than 500 nm, preferably 440 nm to less than 480 nm in terms of the excitation characteristics
required for a light-emitting device.
(4) A phosphor capable of being excited with the irradiation of green light having an emission peak in a wavelength
range of 500 nm to less than 560 nm.

[0032] There is no particular limit on the property of the phosphor composition of the present embodiment. The
phosphor composition may be a single crystal bulk, a ceramics molding, a thin film having a thickness of several nm to
several mm, a thick film having a thickness of several 10 mm to several 100 mm, or powder. For the purpose of applying
the phosphor composition to a light-emitting device, the phosphor composition preferably is powder, more preferably
powder with a center particle diameter (D50) of 0.1 mm to 30 mm, and most preferably powder with a center particle
diameter (D50) of 0.5 mm to 20 mm. There is no particular limit to the shape of a particle of the phosphor composition,
and the particle may be any of a spherical shape, a plate shape, a bar shape, and the like.
[0033] The phosphor composition that can be produced as described above is capable of being excited with at least
ultraviolet light - near-ultraviolet light - violet light - blue light - green light - yellow light - orange light of 250 nm to 600
nm, and at least becomes a phosphor emitting blue-green, orange, or red light. A phosphor emitting red light having an
emission peak in a wavelength range of 610 nm to 650 nm also can be obtained. The shapes of the excitation spectrum
and the emission spectrum of a phosphor that contains an Eu2+ ion as a luminescent center and emits red light are
relatively similar to those of the conventional phosphor activated with Eu2+ containing, as a material for a base, Sr2Si5N8
nitridosilicate.
[0034] Next, a method for producing a phosphor composition will be described.

Production method 1

[0035] A phosphor composition can be produced, for example, by the production method described below.
[0036] First, as a material for forming a phosphor host, a nitride of alkaline-earth metal M (M3N2) or a nitride of zinc
(Zn3N2), silicon nitride (Si3N4), and aluminum nitride (AlN) are prepared. The nitride of alkaline-earth metal and the
nitride of zinc are not those which are usually used as ceramic materials, but are those which are difficult to obtain and
expensive, and are difficult to handle in the atmosphere since they easily react with water vapor in the atmosphere.
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[0037] Furthermore, as a material for adding a luminescent center ion, various kinds of rare-earth metals, transition
metals, or compounds thereof are used. Such elements include lanthanide and transition metal with an atomic number
of 58 to 60, or 62 to 71, in particular, Ce, Pr, Eu, Tb, and Mn. Examples of a compound containing such elements include
an oxide, a nitride, a hydroxide, a carbonate, an oxalate, a nitrate, a sulfate, a halide, and a phosphate of the above-
mentioned lanthanide and transition metal. Specific examples include cerium carbonate, europium oxide, europium
nitride, metallic terbium, and manganese carbonate.
[0038] Next, these phosphor ingredients are weighed and mixed so that the atomic ratio of the respective atoms
becomes a(M1-xLcx)3N2·bAlN·cSi3N4, whereby a mixed material is obtained. Herein, "M" is at least one element selected
from the group consisting of Mg, Ca, Sr, Ba, and Zn; "a", "b", and "c" are numerical values satisfying 0.2 ≤ a/(a + b) ≤
0.95, 0.05 ≤ b/(b + c) ≤ 0.8, and 0.4 ≤ c/(c + a) ≤ 0.95; Lc represents an element to be a luminescent center ion; "x"
represents a numerical value satisfying 0 < x < 0.3, preferably 0.001 ≤ x ≤ 0.2, and more preferably 0.005 ≤ x ≤ 0.1. For
example, the atomic ratio is assumed to be M1-xLcxAlSiN3.
[0039] Then, the mixed material is fired in any atmosphere of a vacuum atmosphere, a neutral atmosphere (inactive
gas, nitrogen gas, etc.), and a reducing atmosphere (CO, nitrogen-hydrogen mixed gas, etc.).
[0040] As the above-mentioned atmosphere, a normal-pressure atmosphere is preferable for the reason that simple
facility can be used. However, any of a high-pressure atmosphere, a compressed atmosphere, a reduced-pressure
atmosphere, and a vacuum atmosphere may be used. The preferable reaction atmosphere for the purpose of enhancing
the performance of a phosphor is a high-pressure atmosphere mainly containing nitrogen gas of, for example, 2 to 100
atm pressure, preferably 5 to 20 atm pressure in view of the handling of the atmosphere. With such a high-pressure
atmosphere, the decomposition of a nitride phosphor composition, which occurs during firing at high temperature, can
be prevented or suppressed, and the shift of the composition of a phosphor composition is suppressed, whereby a
phosphor composition with high exhibition performance can be produced.
[0041] Furthermore, the preferable atmosphere for the purpose of generating a large amount of ions such as Ce3+,
Eu2+, Tb3+, or Mn2+, as a luminescent center ion, is a reducing atmosphere. The firing temperature is, for example,
1,300˚C to 2,000˚C, preferably 1,600˚C to 2,000˚C and more preferably 1,700˚C to 1,900˚C for the purpose of enhancing
the performance of a phosphor. On the other hand, for the purpose of mass-production, the firing temperature is preferably
1,400˚C to 1,800˚C, more preferably 1,600˚C to 1,700˚C. The firing time is, for example, 30 minutes to 100 hours,
preferably 2 to 8 hours in view of the productivity. Firing may be performed in different atmospheres, or may be performed
several times in the same atmosphere. The fired body obtained by such firing becomes a phosphor composition.
[0042] The phosphor composition is not limited to those that are produced by the above production method. The
phosphor composition also can be produced by a production method using, for example, a vapor phase reaction or a
liquid phase reaction, as well as the above-described solid phase reaction.
[0043] It is difficult to obtain a nitride such as Si3N4 or AlN with a high purity, although not comparable to the case of
a nitride of alkaline-earth metal. In most cases, the above-mentioned Si3N4 or AlN is partially oxidized in the atmosphere
to contain SiO2 or Al2O3 and slightly decrease the purity thereof. For this reason, the phosphor composition may be the
one substantially having a composition with the above-mentioned desired atomic ratio, and in the above-mentioned
composition formula: MAlSiN3, a part of Si3N4 or AlN may be oxidized to some degree to contain a composition modified
to SiO2 or Al2O3.

Production method 2

[0044] A phosphor composition can be produced, for example, by the production method described below.
[0045] The production method 2 is a method for producing a phosphor composition containing, as a main component
of a phosphor host, a composition represented by the above-mentioned composition formula: aM3N2·bAlN·cSi3N4, in
particular, MAlSiN3. The method includes allowing a material, which contains a compound capable of generating an
oxide of at least one element "M" selected from the group consisting of Mg, Ca, Sr, Ba, and Zn by heating, a silicon
compound, an aluminum compound, a compound containing an element forming a luminescent center ion, and carbon,
to react in a nitriding gas atmosphere.
[0046] According to an example of the production method 2 , while an alkaline-earth metal compound or a zinc
compound capable of generating a metal oxide MO (where "M" is Mg, Ca, Sr, Ba, or Zn) by heating, preferably an
alkaline-earth metal compound capable of generating CaO or SrO by heating, is reduced and nitrided by the reaction
with carbon in a nitriding gas atmosphere, the alkaline-earth metal compound or the zinc compound is reacted with a
silicon compound, an aluminum compound, and a compound containing an element forming a luminescent center ion.
[0047] The production method 2 is a method for producing the above-mentioned a(M1-xLcx)3N2·bAlN·cSi3N4, in par-
ticular, a M1-xLcxAlSiN3 phosphor, which may be called a reducing and nitriding method, and in particular a production
method suitable for industrial production of a powder-shaped phosphor composition.
[0048] Hereinafter, the production method 2 will be described in detail.
[0049] First, as a material for forming a phosphor host, a compound capable of generating an oxide of the above-
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mentioned element "M" by heating, a silicon compound, and an aluminum compound are prepared. The compound
(described later) capable of generating an oxide of the above-mentioned element "M" by heating may be the one which
is usually used as a ceramics material. Such a material is easily obtained and inexpensive, and is stable in the atmosphere,
so that it is easy to handle in the atmosphere.
[0050] Furthermore, as a material for adding a luminescent center ion, the above-mentioned various kinds of rare-
earth metals, transition metal, or compounds thereof are prepared. In addition, as a reducing agent, carbon is prepared.
[0051] Next, these phosphor ingredients and the reducing agent are weighed and mixed so that the atomic ratio of
the respective metal atoms becomes, for example, a(M1-xLcx)3N2·bAlN·cSi3N4, carbon monoxide gas (CO) is generated
by the reaction with carbon (reducing agent), and oxygen in the phosphor ingredient is removed completely, whereby
a mixed material is obtained. Herein, Lc represents a metal element to be a luminescent center ion, and "x" represents
a numerical value satisfying 0 < x < 0.3, preferably 0.001 ≤ x ≤ 0.2, and more preferably 0.005 ≤ x ≤ 0.1.
[0052] Then, the mixed material is reacted by firing in a nitriding gas atmosphere. Herein, the nitriding gas refers to
gas capable of effecting a nitriding reaction.
[0053] Furthermore, the preferable atmosphere for the purpose of generating a large amount of ions such as Ce3+,
Eu2+, Tb3+, or Mn2+, as a luminescent center ion, is a reducing atmosphere. The mixed material is fired, for example,
in a nitrogen-hydrogen mixed atmosphere. The firing temperature is, for example, 1,300˚C to 2,000˚C, and preferably
1,600˚C to 2,000˚C and more preferably 1,700˚C to 1,900˚C for the purpose of enhancing the performance of a phosphor.
On the other hand, for the purpose of mass-production, the firing temperature is preferably 1,400˚C to 1,800˚C, more
preferably 1,600˚C to 1,700˚C. The firing time is, for example, 30 minutes to 100 hours, preferably 2 to 8 hours in view
of the productivity. Firing may be performed in different atmospheres, or may be performed several times in the same
atmosphere. The fired body obtained by such firing becomes a phosphor composition.
[0054] The compound capable of generating an oxide MO of the above-mentioned element "M" by heating is not
particularly limited. However, in terms of the ease of availability of a high-purity compound, the ease of handling in the
atmosphere, cost, and the like, the compound is preferably at least one alkaline-earth metal compound or zinc compound
selected from the group consisting of a carbonate, an oxalate, a nitrate, a sulfate, an acetate, an oxide, a peroxide, and
a hydroxide of alkaline-earth metal or zinc, more preferably a carbonate, an oxalate, an oxide, or a hydroxide of alkaline-
earth metal, and most preferably a carbonate of alkaline-earth metal.
[0055] There is no particular limit to the shape of the alkaline-earth metal compound, and a powder shape, a lump
shape, or the like may be selected appropriately. The preferable shape for the purpose of obtaining a powder-shaped
phosphor is powder.
[0056] There is no particular limit to the silicon compound as long as it is capable of forming the phosphor composition
by the above-mentioned reaction. The silicon compound is preferably silicon nitride (Si3N4) or silicon diimide (Si(NH)2),
more preferably silicon nitride for the same reason as that in the case of the alkaline-earth metal compound or the reason
that a phosphor with high performance can be produced.
[0057] There is no particular limit to the shape of the silicon compound, and a powder shape, a lump shape, or the
like can be selected appropriately. The preferable shape for the purpose of obtaining a powder-shaped phosphor is
powder.
[0058] In the production method 2, a supply source of silicon may be elemental silicon. In this case, silicon is allowed
to react with nitrogen or the like in a nitriding gas atmosphere to form a nitrogen compound of silicon (silicon nitride,
etc.), and the nitrogen compound is allowed to react with the above-mentioned alkaline-earth metal nitride, aluminum
compound, and the like. For this reason, according to the production method 2, elemental silicon also is included as the
silicon compound.
[0059] There is no particular limit to the aluminum compound as long as it is capable of forming the phosphor com-
position of the present embodiment by the above-mentioned reaction. The aluminum compound is preferably aluminum
nitride (AlN) for the same reason as that in the case of the above-mentioned silicon compound.
[0060] There is no particular limit to the shape of the aluminum compound, and a powder shape, a lump shape, or
the like can be selected appropriately. The preferable shape of the aluminum compound for the purpose of obtaining a
powder-shaped phosphor is powder.
[0061] In the production method 2, a supply source of aluminum may be elemental metal. In this case, aluminum is
allowed to react with nitrogen or the like in a nitriding gas atmosphere to form a nitrogen compound of aluminum (aluminum
nitride, etc.), and the nitrogen compound is allowed to react with the above-mentioned alkaline-earth metal nitride, silicon
compound, and the like. For this reason, according to the production method 2, metal aluminum is included as the
aluminum compound.
[0062] There is no particular limit to the shape of the above-mentioned carbon. The preferable shape is solid-state
carbon, and carbon black, high-purity carbon powder, carbon lump, or the like can be used. Among them, graphite is
particularly preferable. However, amorphous carbon (coals, coke, charcoal, gas carbon, etc.) may be used. In addition,
for example, carbon hydride, such as natural gas, methane (CH4), propane (C3H8), or propane (C4H10), which is car-
burizing gas, may be used as a carbon supply source. In the case of using a carbonaceous firing container and heating
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element in a vacuum atmosphere or a neutral atmosphere such as an inactive gas atmosphere, a part of carbon may
be evaporated. However, such evaporated carbon can be used as a reducing agent in principle.
[0063] There is no particular limit to the size and shape of the above-mentioned solid-state carbon. For the reason of
ease of availability, fine powder, powder, or particles with a longest diameter or longest side of 10 nm to 1 cm is preferable.
Other solid-state carbons may be used. Solid-state carbon in various shapes such as a powder shape, a particle shape,
a lump shape, a plate shape, and a bar shape can be used. The purity of the solid-state carbon is not particularly limited,
either. For the purpose of obtaining a nitride phosphor of high quality, the purity of the solid-state carbon is preferably
as high as possible. For example, it is preferable to use high-purity carbon with a purity of at least 99%, preferably at
least 99.9%.
[0064] The addition amount of the solid-state carbon is set to be a reaction ratio stoichiometrically required for removing
oxygen contained in the phosphor ingredient. Preferably, in order to remove the oxygen completely, the addition amount
of the solid-state carbon is set to be a reaction ratio slightly larger than the stoichiometrically required reaction ratio.
Regarding a specific numerical value, it is desirable to excessively add the solid-state carbon in a range not exceeding
30 atomic% of the stoichiometrically required reaction ratio.
[0065] The solid-state carbon to be reacted may be in a form that also functions as a heating element (carbon heater)
or also functions as a firing container (carbon crucible, etc.) The above carbon used as a reducing agent may be mixed
with a phosphor ingredient, or may be merely brought into contact with the phosphor ingredient.
[0066] Furthermore, there is no particular limit to the nitriding gas, as long as it is capable of nitriding the above-
mentioned alkaline-earth metal compound or zinc compound reduced with carbon. In terms of the ease of availability,
the ease of handling of high-purity gas, the cost, and the like, at least one gas selected from nitrogen gas and ammonia
gas, more preferably nitrogen gas, is used. For the purpose of increasing the reducing power of a firing atmosphere and
enhancing the performance of a phosphor, or obtaining a phosphor with high performance, nitrogen-hydrogen mixed
gas also can be used.
[0067] As the reaction atmosphere containing nitriding gas, a normal-pressure atmosphere is preferable for the reason
that a simple facility can be used. However, any of a high-pressure atmosphere, a compressed atmosphere, a reduced-
pressure atmosphere, and a vacuum atmosphere may be used. The preferable reaction atmosphere for the purpose of
enhancing the performance of a phosphor is a high-pressure atmosphere mainly containing nitrogen gas of, for example,
2 to 100 atm pressure, preferably 5 to 20 atm pressure in view of the handling of the atmosphere. With such a high-
pressure atmosphere, the decomposition of a nitride phosphor composition, which occurs during firing at high temper-
ature, can be prevented or suppressed, and the shift of the composition of a phosphor is suppressed, whereby a phosphor
composition with high exhibition performance can be produced. For the purpose of accelerating the decarbonization of
a reacted product (fired product), a small or trace amount of water vapor may be contained in the above reaction
atmosphere.
[0068] Furthermore, in order to enhance the reactivity between the above-mentioned compound materials, a flux may
be added to be reacted. As the flux, an alkaline metal compound (Na2CO3, NaCl, LiF), or a halogen compound (SrF2,
CaCl2, etc.) can be selected appropriately.
[0069] The most significant features of the production method 2 are as follows:

(1) As the material for the phosphor composition , a nitride of alkaline-earth metal or zinc, or alkaline-earth metal
or zinc metal is not substantially used;
(2) A compound is used instead, which is capable of generating a metal oxide (the above-mentioned MO) by heating;
(3) An oxygen component contained in these compounds is removed by the reaction with carbon, preferably solid-
state carbon;
(4) The alkaline-earth metal compound is nitrided by the reaction with nitriding gas; and
(5) During the above reaction (4), a silicon compound is allowed to react with an aluminum compound to produce
the phosphor composition of the present embodiment.

[0070] In the production method 2, the preferable reaction temperature is 1,300 ˚C to 2,000˚C, and the preferable
reaction temperature for the purpose of enhancing the performance of a phosphor is 1,600˚C to 2,000˚C and more
preferably 1,700˚C to 1,900˚C. On the other hand, for the purpose of mass-production, the preferable reaction temperature
is 1,400˚C to 1,800˚C, more preferably 1,600˚C to 1,700˚C. The reaction also may be divided to several times. Thus,
the compound capable of generating a metal oxide by heating becomes a metal oxide MO, and the metal oxide MO
further is reacted with carbon to be reduced while generating carbon monoxide or carbon dioxide. Furthermore, the
reduced metal oxide is reacted with another compound such as the silicon compound and aluminum compound, and
gas while being nitrided with nitriding gas to form a nitride. Thus, the nitride phosphor composition is generated.
[0071] At a temperature lower than the above-mentioned temperature range, the above-mentioned reaction and
reduction become insufficient, which makes it difficult to obtain a nitride phosphor composition of high quality. At a
temperature higher than the above-mentioned temperature range, a nitride phosphor composition is decomposed or
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fuses, which makes it difficult to obtain a phosphor composition with a desired composition and a desired shape (powder
shape, molding shape, etc.). Furthermore, at a temperature higher than the above-mentioned temperature range, there
is no choice but to use an expensive heating element and a heat insulating material with high insulation for production
facility, which increases a facility cost, resulting in the difficulty in providing a phosphor composition at a low cost.
[0072] According to the production method 2, it is not necessary to use a nitride of alkaline-earth metal or zinc, which
is difficult to obtain with high purity and difficult to handle in the atmosphere, as a main material for a phosphor. The
production method 2 is characterized by allowing a material containing a compound capable of generating an oxide of
the above-mentioned element "M" by heating, a silicon compound, an aluminum compound, and carbon to react with a
compound containing an element forming a luminescent center ion in a nitriding gas atmosphere. These materials are
relatively inexpensive and easy to obtain, and are easy to handle in the atmosphere. Therefore, these materials are
suitable for mass-production, and enable the phosphor of the present embodiment to be produced at a low cost. Simul-
taneously, if the phosphor composition of Reference Embodiment 1 produced by the production method 2 is used, a
light-emitting device can be provided at a lower cost.
[0073] As the supplemental description, the production method 2 also is applicable to the production method 1 de-
scribed above. For example, when carbon as a reducing agent is added to at least one selected from a nitride (M3N2)
of alkaline-earth metal and a nitride (Zn3N2) of zinc, silicon nitride (Si3N4), and aluminum nitride (AlN), used as materials
for forming a phosphor host, and the resultant mixture is fired, impurity oxygen can be removed as carbon monoxide
gas (CO) during firing, and oxygen can be prevented or suppressed from being mixed with a phosphor. Therefore, a
nitride phosphor composition with high purity can be produced.
[0074] More specifically, in a method for producing a nitride phosphor composition using at least one nitride selected
from a nitride of alkaline earth metal and a nitride of zinc as at least one of the phosphor ingredients, a method for
producing a phosphor composition characterized in that carbon is added to a phosphor ingredient to be fired can be
replaced with a method for producing a phosphor composition of another reference example. The above-mentioned
nitride phosphor composition refers to a phosphor composition containing nitrogen as a gasifiable element constituting
a phosphor host, such as a nitride phosphor composition or an oxynitride phosphor composition, in particular, a phosphor
composition containing nitrogen as a main gasifiable component element.
[0075] Even if some nitride compound such as Si3N4, M2Si5N8, MSiN2, or MSi7N10 is mixed with a material for the
phosphor composition containing a composition represented by the above-mentioned MAlSiN3 as a main component
of a phosphor host, followed by firing, a phosphor composition exhibiting emission characteristics similar to those of the
above-mentioned phosphor composition is obtained. Thus, the phosphor composition also may be a phosphor compo-
sition containing, as a main component of a phosphor host, a nitride represented by any of a composition formula of
MAlSiN3·aSi3N4, MAlSiN3·aM2Si5N8, MAlSiN3·aMSiN2, and MAlSiN3·aMSi7N10. Herein, "M" is at least one element
selected from the group consisting of Mg, Ca, Sr, Ba, and Zn, and "a" is a numerical value satisfying 0 ≤ a ≤ 2, preferably
0 ≤ a ≤ 1. Examples of such a phosphor composition include those in which a luminescent center ion is added to a
composition such as 2MAlSiN3·Si3N4, 4MAlSiN3·3Si3N4, MAlSiN3·Si3N4, MAlSiN3·2Si3N4, 2MAlSiN3·M2Si5N8,
MAlSiN3·M2Si5N8, MAlSiN3·2M2Si5N8, 2MAlSiN3·MSiN2, MAlSiN3·MSiN2, MAlSiN3·2MSiN2, 2MMSiN3·MSi7N10,
MAlSiN3·MSi7N10, or MAlSiN3·2MSi7N10.

Reference Embodiment 2

[0076] Next, an embodiment of a light-emitting device will be described. There is no particular limit to the exemplary
light-emitting device of the present invention, as long as the phosphor composition of Reference Embodiment 1 is used
as a light-emitting source. For example, as an excitation source for a phosphor, at least one electromagnetic wave
selected from an X-ray, an electron beam, ultraviolet light, near-ultraviolet light, visible light (light of violet, blue, green,
or the like), near-infrared light, infrared light, and the like can be used. The phosphor of Reference Embodiment 1 is
allowed to emit light by applying an electric field or injecting an electron thereto, whereby the phosphor may be used as
a light-emitting source.
[0077] Examples of the light-emitting device include those known by the following names: (1) fluorescent lamp, (2)
plasma display panel, (3) inorganic electroluminescence panel, (4) field emission display, (5) cathode-ray tube, and (6)
white LED light source.
[0078] More specific examples of the light-emitting device include a white LED, various kinds of display devices
configured using a white LED (e.g., an LED information display terminal, an LED traffic light, an LED lamp for an
automobile (a stop lamp, a turn signal light, a headlight, etc.)), various kinds of illumination devices configured using a
white LED (an LED indoor-outdoor illumination lamp, an interior LED lamp, an LED emergency lamp, a LED light source,
an LED decorative lamp), various kinds of display devices not using a white LED (a cathode-ray tube, an inorganic
electroluminescence panel, a plasma display panel, etc.), and various kinds of illumination devices (a fluorescent lamp,
etc.) not using a white LED.
[0079] In another aspect, the light-emitting device is, for example, any of a white light-emitting element, various kinds
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of light sources, an illumination device, a display device, and the like, obtained by combining an injection-type electro-
luminescence element emitting near-ultraviolet light or blue light, (a light-emitting diode, a laser diode, an organic elec-
troluminescence element, etc.) with at least the phosphor composition of Embodiment 1. A display device, an illumination
device, a light source, and the like configured using at least one white light-emitting element also are included in the
above-mentioned light-emitting device.
[0080] The light-emitting device is configured using, as a light-emitting source, a nitride phosphor composition emitting
light in a warm color having an emission peak in a wavelength range of preferably 580 nm to 660 nm, more preferably
610 nm to 650 nm, wherein, as the nitride phosphor composition, the phosphor composition of Reference Embodiment
1 is used.
[0081] Furthermore, the light-emitting device is configured, for example, by combining an emission source for emitting
primary light of 360 nm to less than 560 nm, and a phosphor composition for absorbing the primary light emitted by the
emission source and converting the primary light into visible light having a wavelength larger than that of the primary
light, wherein, as the phosphor composition, the phosphor composition of Reference Embodiment 1 (more preferably
a phosphor composition emitting light in a warm color) is used. More specifically, the light-emitting device is configured
by combining an emission source for emitting light having an emission peak in any wavelength range of 360 nm to less
than 420 nm, 420 nm to less than 500 nm, and 500 nm to less than 560 nm, with a phosphor composition for absorbing
primary light emitted by the emission source and converting the primary light into visible light having a wavelength larger
than that of the primary light, wherein, as the phosphor composition, the phosphor composition of Reference Example
1 is used.
[0082] The light-emitting device also can use an injection-type electroluminescence element as the emission source.
The injection-type electroluminescence element refers to a photoelectric transducer configured so as to convert electric
energy into light energy to obtain light emission by providing an electric power to inject a current to a fluorescent material.
Specific examples thereof are as described above.
[0083] The light-emitting device is configured using, as a light-emitting source, a novel phosphor that is capable of
extending the range of choices of phosphor ingredients. Therefore, the light-emitting device can be configured at a low
cost even without using a conventional expensive phosphor having a high scarcity value. Furthermore, the light-emitting
device is configured using, as a light-emitting source, a phosphor emitting light in a warm color, in particular, red light.
Therefore, in the light-emitting device, the intensity of a light-emitting component in a warm color is high, and the special
color rendering index R9 has a large numerical value.
[0084] Hereinafter, the light-emitting device will be described with reference to the drawings. There is no particular
limit to the light-emitting device , as long as the phosphor composition of Example 1 is used as a light-emitting source.
Furthermore, in a Reference Example, the phosphor composition of Reference Embodiment 1 and a light-emitting
element are used as a light-emitting source, and the phosphor composition is combined with the light-emitting element
so that the phosphor composition covers the light-emitting element.
[0085] FIGS. 1, 2, and 3 are cross-sectional views of semiconductor light-emitting devices that are typical embodiments
of a light-emitting device including a combination of the phosphor composition of Reference Embodiment 1 and a light-
emitting element.
[0086] FIG. 1 shows a semiconductor light-emitting device having a configuration in which at least one light-emitting
element 1 is mounted on a submount element 4, and the light-emitting element 1 is sealed in a package of a base
material (e.g., transparent resin, low-melting glass) that also functions as a phosphor layer 3 containing at least the
phosphor composition 2 of Reference Embodiment 1. FIG. 2 shows a semiconductor light-emitting device having a
configuration in which at least one light-emitting element 1 is mounted on a cup 6 provided at a mount lead of a lead
frame 5, a phosphor layer 3 formed of a base material containing at least the phosphor composition 2 of Reference
Embodiment 1 is provided in the cup 6, and the entire body is sealed with a sealant 7 made of resin or the like. FIG. 3
shows a semiconductor light-emitting device of a chip type having a configuration in which at least one light-emitting
element 1 is placed in a housing 8, and the phosphor layer 3 formed of a base material containing at least the phosphor
composition 2 of Reference Embodiment 1 is provided in the housing 8
[0087] In FIGS. 1 to 3, the light-emitting element 1 is a photoelectric transducer that converts electric energy into light.
Specific examples of the light-emitting element 1 include a light-emitting diode, a laser diode, a surface-emitting laser
diode, an inorganic electroluminescence element, an organic electroluminescence element, and the like. In particular,
the light-emitting diode or the surface-emitting laser diode is preferable in terms of the high output of the semiconductor
light-emitting device. The wavelength of light emitted by the light-emitting element 1 is not particularly limited, and may
be in a range (e.g., 250 to 550 nm) capable of exciting the phosphor composition of Reference Embodiment 1. However,
in order to produce a semiconductor light-emitting device with high light-emitting performance, in which the phosphor
composition of 1 is excited at a high efficiency and which emits white light, the light-emitting element 1 is set so as to
have an emission peak in a wavelength range of more than 340 nm to 500 nm, preferably more than 350 nm to 420 nm,
or more than 420 nm to 500 nm, more preferably more than 360 nm to 410 nm, or more than 440 nm to 480 nm (i.e.,
in a near-ultraviolet, violet, or blue wavelength range).
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[0088] Furthermore, in FIGS 1 to 3, the phosphor layer 3 contains at least the phosphor composition 2 of Reference
Embodiment 1. The phosphor layer 3 is configured, for example, by dispersing at least the phosphor composition 2 of
Reference Embodiment 1 in a transparent base material such as transparent resin (epoxy resin, silicone resin, etc.),
low-melting glass, or the like. The content of the phosphor composition 2 in the transparent base material is preferably
5 to 80% by weight, more preferably 10 to 60% by weight, for example, in the case of the above-mentioned transparent
resin. The phosphor composition 2 .of Reference Embodiment 1 present in the phosphor layer 3 is a light conversion
material that absorbs a part or an entirety of light emitted from the light-emitting element 1 to convert it into yellow to
dark red light. Therefore, the phosphor composition 2 is excited by the light-emitting element 1, and the semiconductor
light-emitting device emits light containing at least light-emitting component light emitted by the phosphor composition 2.
[0089] Accordingly, with the light-emitting device described above having, for example, the following combined con-
figuration, white light is obtained owing to the color mixture of light emitted by the light-emitting element 1 and light
emitted by the phosphor layer 3, and hence a semiconductor light-emitting element emitting white light, which is highly
demanded, can be obtained.

(1) A combined configuration of a light-emitting element emitting any light of near-ultraviolet light (wavelength: 300
nm to less than 380 nm, preferably 350 nm to less than 380 nm in terms of the output) and violet light (wavelength:
380 nm to less than 420 nm, preferably 395 nm to less than 415 nm in terms of the output), a blue phosphor, a
green phosphor, and the red phosphor composition of Reference Embodiment 1.
(2) A combined configuration of a light-emitting element emitting any light of near-ultraviolet light and violet light, a
blue phosphor, a green phosphor, a yellow phosphor, and the red phosphor composition of Reference Embodiment 1.
(3) A combined configuration of a light-emitting element emitting any light of near-ultraviolet light and violet light, a
blue phosphor, a yellow phosphor, and the red phosphor composition of Reference Embodiment 1.
(4) A combined configuration of a light-emitting element emitting blue light (wavelength: 420 nm to less than 490
nm, preferably 450 nm to less than 480 nm in terms of the output) a green phosphor, a yellow phosphor, and the
red phosphor composition of Reference Embodiment 1.
(5) A combined configuration of a light-emitting element emitting blue light, a yellow phosphor, and the red phosphor
composition of Reference Embodiment 1.
(6) A combined configuration of a light-emitting element emitting blue light, a green phosphor, and the red phosphor
composition of Reference Embodiment 11.
(7) A combined configuration of a light-emitting element emitting blue-green light (wavelength: 490 nm to less than
510 nm) and the red phosphor composition of Reference Embodiment 1.

[0090] The phosphor composition of Reference Embodiment 1 emitting red light can be excited with green light with
a wavelength of 510 nm to less than 560 nm or yellow light with a wavelength of 560 nm to less than 590 nm. Therefore,
a semiconductor light-emitting device also can be produced that has a configuration in which a light-emitting element
emitting any of the above-mentioned green light and yellow light is combined with the red phosphor composition of
Reference Embodiment 1.
[0091] Furthermore, since the phosphor composition of Reference Embodiment 1 can emit yellow light, the yellow
phosphor composition of Reference Embodiment 1 also can be used as the yellow phosphor. Furthermore, in this case,
a red phosphor other than the phosphor composition of Reference Embodiment 1 may be used as the red phosphor
composition. Furthermore, even when a light-emitting element emitting blue light is combined with the yellow phosphor
composition of Reference Embodiment 1, white light can be obtained.
[0092] The above-mentioned blue phosphor, green phosphor, yellow phosphor, and red phosphor other than the
phosphor composition of Reference Embodiment 1 can be widely selected from an aluminate phosphor activated with
Eu2+, a halophosphate phosphor activated with Eu2+, a phosphate phosphor activated with Eu2+, a silicate phosphor
activated with Eu2+, a garnet phosphor activated with Ce3+ (in particular, YAG (yttrium-aluminum-garnet): Ce phosphor),
a silicate phosphor activated with Tb3+, a thiogallate phosphor activated with Eu2+, a nitride phosphor activated with
Eu2+ (in particular, a SIALON phosphor), an alkaline-earth metal sulfide phosphor activated with Eu2+, an oxysulfide
phosphor activated with Eu3+, and the like. More specifically, a (Ba, Sr) MgAl10O17:Eu2+ blue phosphor, a (Sr, Ca, Ba,
Mg)10(PO4)6Cl2:Eu2+ blue phosphor, a (Ba, Sr)2SiO4:Eu2+ green phosphor, a BaMgAl10O17:Eu2+, Mn2+ green phosphor,
a Y3(Al, Ga)5O12:Ce3+ green phosphor, a Y3Al5O12:Ce3+ green phosphor, a BaY2SiAl4O12:Ce3+ green phosphor, a
Ca3Sc2Si3O12:Ce3+ green phosphor, a Y2SiO5:Ce3+, Tb3+ green phosphor, a BaSiN2:Eu2+ green phosphor, a SrGa2S4:
Eu2+ green phosphor, a (Y, Gd)3Al5O12:Ce3+ yellow phosphor, a Y3Al5O12:Ce3+, Pr3+ yellow phosphor, a (Sr, Ba)2SiO4:
Eu2+ yellow phosphor, a CaGa2S4:Eu2+ yellow phosphor, a 0.75 CaO · 2.25 AlN · 3.25 Si3N4:Eu2+ yellow phosphor, a
CaS:Eu2+ red phosphor, a SrS:Eu2+ red phosphor, a La2O2S:Eu3+ red phosphor, a Y2O2S:Eu3+ red phosphor, or the
like can be used.
[0093] Conventionally, a white LED with a high luminous flux and a high color rendering property has been known,
which uses a blue LED as an excitation source of a phosphor, and contains, for example, an Sr2Si5N8:Eu2+ nitride red
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phosphor, and the above-mentioned YAG:Ce yellow phosphor or green phosphor in a phosphor layer. The phosphor
composition of Reference Embodiment 1 exhibits emission characteristics similar to those of the above-mentioned
Sr2Si5N8:Eu2+ nitride red phosphor. Therefore, a light-emitting device, which uses a blue LED as an excitation source
of a phosphor, and includes a combination of the red phosphor composition of Reference Embodiment 1 and the above-
mentioned YAG:Ce phosphor, also becomes a white LED emitting white light with a high luminous flux and a high color
rendering property equal to those of the conventional light-emitting device.
[0094] The semiconductor light-emitting device can be excited with near-ultraviolet light to blue light, and is configured
using the phosphor composition of Reference Embodiment 1, which is easily produced, has a high emission intensity,
is stable chemically, and contains a large amount of red light-emitting component. Therefore, the semiconductor light-
emitting device is a light-emitting device that has a higher emission intensity of a red light-emitting component, is more
excellent in reliability, and can be produced at a lower cost, compared with the conventional light-emitting device.

Reference Embodiment 3

[0095] FIGS. 4 and 5 respectively show a schematic view of a configuration of an illumination display device that is
an example of the light-emitting device . FIG. 4 shows an illumination · display device configured using at least one
semiconductor light-emitting device 9 that is an example of the above-mentioned light-emitting device in which the
phosphor composition of Reference Embodiment 1 is combined with the light-emitting element. FIG. 5 shows an illumi-
nation · display device including a combination of at least one light-emitting element 1 and the phosphor layer 3 containing
at least the phosphor composition 2 of Reference Embodiment 1. As the light-emitting element 1 and the phosphor layer
3, the ones similar to those of the semiconductor light-emitting device of Reference Embodiment 2 can be used. Fur-
thermore, the functions and effects of the illumination display device with such a configuration also are similar to those
of the semiconductor light-emitting device of Reference Embodiment 2. In FIGS. 4 and 5, reference numeral 10 denotes
output light.
[0096] FIGS. 6 to 12 respectively show a specific example of an illumination device with the illumination · display
device incorporated thereto, schematically shown in FIGS. 4 and 5. FIG. 6 shows a perspective view of an illumination
module 12 having an integrated light-emitting portion 11. FIG. 7 shows a perspective view of the illumination module 12
having a plurality of light-emitting portions 11. FIG. 8 is a perspective view of a table lamp type illumination device having
the light-emitting portions 11 and being capable of controlling ON-OFF and light amount with a switch 13. FIG. 9 is a
side view of an illumination device as a light source configured using a screw cap 14, a reflective plate 15, and an
illumination module 12 having a plurality of light-emitting portions 11. FIG. 10 is a bottom view of the illumination device
shown in FIG. 9. FIG. 11 is a perspective view of a plate type image display device provided with the light-emitting
portions 11. FIG. 12 is a perspective view a segmented number display device provided with the light-emitting portions 11.
[0097] The illumination · display device is configured using the phosphor composition of Reference Embodiment 1
which is produced easily, has a high emission intensity, is chemically stable, and contains a large amount of a red light-
emitting component, or the semiconductor light-emitting device of Reference Embodiment 2 which has a high emission
intensity of a red light-emitting component, is excellent in reliability, and can be produced at a low cost. Therefore, the
illumination display device has a higher emission intensity of a red light-emitting component, is more excellent in reliability,
and can be produced at a lower cost, compared with the conventional illumination display device.

Reference Embodiment 4

[0098] Reference Embodiment .FIG. 13 is a partially cut-away view of an end portion of a fluorescent lamp that is an
exemplary light-emitting device using the phosphor composition of Reference Embodiment 1. In FIG. 13, a glass tube
16 is sealed at both end portions with stems 17, and noble gas such as neon, argon, or krypton and mercury are sealed
in the glass tube 16. The inter surface of the glass tube 16 is coated with the phosphor composition 18 of Reference
Embodiment 1. A filament electrode 20 is attached to the stem 17 with two leads 19. A cap 22 provided with an electrode
terminal 21 is attached to the respective end portions of the glass tube 16, whereby the electrode terminal 21 is connected
to the leads 19.
[0099] There is no particular limit to the shape, size, and wattage of the fluorescent lamp , and the color and color
rendering property of light emitted by the fluorescent lamp, and the like. The shape of the fluorescent lamp is not limited
to a straight tube . Examples of the shape of the fluorescent lamp include a round shape, a double annular shape, a
twin shape, a compact shape, a U-shape, and a bulb shape, and a narrow tube for a liquid crystal backlight and the like
also is included. Examples of the size include 4-type to 110-type. The wattage may be selected appropriately in accord-
ance with the application from a range of several watts to hundreds of watts. Examples of light color include daylight
color, neutral white color, white color, and warm white color.
[0100] The fluorescent lamp is configured using the phosphor composition of Reference Embodiment 1 which is
produced easily, has a high emission intensity, and contains a large amount of red light-emitting component. Therefore,
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the fluorescent lamp has a higher emission intensity of a red light-emitting component and can be produced at a lower
cost, compared with the conventional fluorescent lamp.

Reference Embodiment 5

[0101] FIG. 14 is a cross-sectional view of a double insulating configuration thin film electroluminescence panel, which
is an exemplary light-emitting device using the phosphor composition of Reference Embodiment 1. In FIG. 14, a back
substrate 23 holds a thin film EL panel, and formed of metal, glass, ceramics, or the like. A lower electrode 24 applies
an AC voltage of about 100 to 300 V to a laminated configuration of a thick film dielectric 25/thin film phosphor 26/thin
film dielectric 27, and is a metal electrode or an In-Sn-O transparent electrode formed by a procedure such as a printing
technique. The thick film dielectric 25 functions as film-formation substrate of the thin film phosphor 26, and also limits
the amount of charge flowing through the thin film phosphor 26 during the application of the AC voltage. For example,
the thick film dielectric 25 is made of a ceramic material such as BaTiO3 with a thickness of 10 mm to several cm.
Furthermore, the thin film phosphor 26 is made of an electroluminescence material that emits fluorescence with high
luminance when charge flows through the phosphor layer. The thin film phosphor 26 is, for example, a thioaluminate
phosphor (blue light-emitting BaAl2S4:Eu2+, blue light-emitting (Ba, Mg)Al2S4:Eu2+, etc.), a thiogallate phosphor (blue
light-emitting CaGa2S4:Ce3+, etc.), or the like formed into a film by a thin film technique such as an electron beam vapor
evaporation, or sputtering. The thin film dielectric 27 limits the amount of charge flowing through the thin film phosphor
26, and prevents the thin film phosphor 26 from reacting with water vapor in the atmosphere to be degraded. The thin
film dielectric 27 is, for example, a translucent dielectric such as silicon oxide or aluminum oxide, formed into a film by
a thin film technique such as chemical vapor deposition or sputtering. An upper electrode 28 is paired
[0102] Reference Embodiment with the lower electrode 24, and applies an AC voltage of about 100 to 300 V to the
laminated configuration of the thick film dielectric 25/thin film phosphor 26/thin film dielectric 27. The upper electrode
28 is, for example, a transparent electrode made of In-Sn-O or the like formed on the upper surface of the thin film
dielectric 27 by a thin film technique such as vacuum deposition or sputtering. A light wavelength converting layer 29
converts light (e.g., blue light) emitted by the thin film phosphor 26 and passing through the thin film dielectric 27 and
the upper electrode 28 into, for example, green light, yellow light, or red light. The light wavelength converting layer 29
also can be provided in a plurality of kinds. A surface glass 30 protects the double insulating configuration thin film EL
panel thus configured.
[0103] When an AC voltage of about 100 to 300 V is applied between the lower electrode 24 and the upper electrode
28 of the thin film EL panel, a voltage of about 100 to 300 V is applied to a laminated configuration of the thick film
dielectric 25/thin film phosphor 26/thin film dielectric 27, and charge flows through the thin film phosphor 26, whereby
the thin film phosphor 26 emits light. This emitted light excites the light wavelength converting layer 29 through the thin
film dielectric 27 and the upper electrode 28 having translucency to have its wavelength converted. The light with its
wavelength converted passes through the surface glass 30 and is output from the panel to be observed from outside
of the panel.
[0104] In the embodiment of the light-emitting device using the phosphor composition of Reference Embodiment 1,
at least one light wavelength converting layer 29 is configured using the phosphor composition of Reference Embodiment
Example 1, in particular, the phosphor composition emitting red light. Furthermore, in a Reference Embodiment , the
thin film phosphor 26 is set to be a thin film blue phosphor emitting blue light, and the light wavelength converting layer
29 is composed of a wavelength converting layer 31 for converting light into green light, made of a blue excitation green
light-emitting material (e.g., a SrGa2S4:Eu2+ phosphor), and a wavelength converting layer 32 having the phosphor
composition of Reference Embodiment 1 emitting red light, which functions as a wavelength converting layer for con-
verting light into red light. Furthermore, as shown in FIG. 14, a part of blue light emitted by the thin film blue phosphor
is output from the panel without exciting the light wavelength converting layer 29. Furthermore, the electrode configuration
is set to be a lattice shape that can be driven in a matrix.
[0105] When the light-emitting device is designed so as to emit blue light 33 emitted by the thin film phosphor 26,
green light 34 with its wavelength converted by the light wavelength converting layer 29 (31), and red light 35 with its
wavelength converted by the light wavelength converting layer 29 (32), the light-emitting device emits light of three
primary colors (blue, green, and red). Furthermore, the lighting of respective pixels emitting light of blue, green, and red
can be controlled independently, so that a display device capable of performing a full-color display can be provided.
[0106] In the light-emitting device using the phosphor composition of Reference Embodiment 1, a part of the light
wavelength converting layer 29 is configured using the red phosphor composition of Reference Embodiment 1 that is
produced easily and stable chemically, and is excited with blue light to emit red light having satisfactory color purity.
Thus, a highly reliable light-emitting device having red pixels exhibiting satisfactory red emission characteristics can be
provided.
[0107] As described above, the present reference example can provide a novel phosphor composition capable of
emitting light in a warm color (in particular, red light), containing as a main component of a phosphor host, the above-
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mentioned composition represented by a composition formula : aM3N2 · bAlN · cSi3N4. It also can provide a method
for producing a nitride phosphor composition , which is suitable for mass-production and can be produced at a low cost.
Furthermore, by using a novel nitride phosphor composition with a high efficiency, a light-emitting device also can be
provided, which has a high emission intensity of a light-emitting component in a warm color (in particular, red) and is
inexpensive, and is novel in terms of the configuration of materials to be used
[0108] Hereinafter, the present invention will be described specifically by way of examples.

Reference Example 1

[0109] A phosphor composition substantially represented by Sr0.98Eu0.02AlSiN3 was produced as follows.
[0110] In the present example, the following compounds were used as phosphor ingredients.

(1) Strontium nitride powder (Sr3N2: purity 99.5%): 25.00 g
(2) Europium oxide powder (Eu2O3: purity 99.9%): 0.93 g
(3) Silicon nitride powder (Si3N4: purity 99%): 13.00 g
(4) Aluminum nitride powder (AlN: purity 99.9%): 10.78 g

[0111] These phosphor ingredients were weighed in a nitrogen atmosphere using a glove box, and then mixed thor-
oughly with a mortar. Thereafter, the mixed powder was placed in an alumina crucible. The alumina crucible was placed
at a predetermined position in an atmospheric furnace, and heated in nitrogen-hydrogen mixed gas (97% nitrogen and
3% hydrogen) at 1600˚C for 2 hours. For simplicity, the aftertreatments such as pulverizing, classification, and washing
are omitted.
[0112] Hereinafter, the characteristics of the fired product (SrAlSiN3:Eu2+ phosphor composition) obtained by the
above-mentioned production method will be described.
[0113] The body color of the above-mentioned phosphor composition was vibrant orange. FIG. 15 shows an emission
spectrum (254 nm excitation) 37 and an excitation spectrum 36 of the phosphor composition of the present example
obtained by the above-mentioned production method. FIG. 15 shows that the above-mentioned fired product is a red
phosphor having an emission peak in the vicinity of a wavelength of 635 nm, which is excited with light in a large
wavelength range of 220 nm to 600 nm (i.e., ultraviolet light - near-ultraviolet light - violet light - blue light - green light -
yellow light - orange light). The chromaticity (x, y) of emitted light in a CIE chromaticity coordinate was x = 0.612 and y
= 0.379.
[0114] Constituent metal elements of the above-mentioned fired product were evaluated by semiquantitative analysis
using a fluorescent X-ray analysis method. Consequently, the fired product was found to be a compound mainly containing
Sr, Eu, Al, and Si.
[0115] These results suggest that a composition represented by (Sr0.98Eu0.02)AlSiN3 was produced and an SrAlSiN3:
Eu2+ phosphor was produced by the production method of the present example.
[0116] For reference, FIG. 16 shows an X-ray diffraction pattern of the phosphor composition of the present example.
As shown in FIG. 16, it is understood that the phosphor composition of the present example is at least a crystalline
phosphor in which a plurality of strong diffraction peaks, different from the diffraction peak of a phosphor ingredient such
as an alkaline-earth metal oxide, silicon nitride, or aluminum nitride, or the diffraction peak of a conventionally known
Sr2Si5N8 compound, are recognized in the vicinity of a diffraction angle (2θ) of 28˚ to 37˚ in the diffraction pattern
evaluation by the X-ray diffraction method under normal pressure and temperature using a Cu-Kα ray.
[0117] In the present example, it is considered based on the following Chemical Reaction Formula 1 that a compound
represented by a chemical formula: (Sr0.98Eu0.02)AlSiN3, or a composition represented by a composition formula:
(Sr0.98Eu0.02)AlSiN3 or a composition formula close thereto was generated.

(Chemical Reaction Formula 1) 1.96 Sr3N2 + 0.06 Eu2O3 + 2 Si3N4 + 6 AlN + 0.04 N2 +
0.18 H2 → 6 Sr0.98Eu0.02AlSiN3 + 0.18 H2O↑

[0118] Thus, according to the production method although Sr3N2 that is unstable chemically, difficult to handle in the
atmosphere, and expensive was used, a SrAlSiN3:Eu2+ phosphor was produced.
[0119] In the present example, the case of the nitride phosphor composition containing Eu2+ ions as a luminescent
center ion has been described. A phosphor composition containing a luminescent center ion (e.g., Ce3+ ions) other than
Eu2+ ions also can be produced by the same production method.

Reference Example 2

[0120] A phosphor composition substantially represented by Sr0.98Eu0.02AlSiN3 was produced by a production method
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different from that of Example 1 as follows.
[0121] In the present example, the following compounds were used as phosphor ingredients.

(1) Strontium carbonate powder (SrCO3: purity 99-9%): 2.894 g
(2) Europium oxide powder (Eu2O3: purity 99.9%): 0.070 g
(3) Silicon nitride powder (Si3N4: purity 99%): 0.988 g
(4) Aluminum nitride powder (AlN: purity 99.9%): 0.820 g
Furthermore, as the reducing agent (added reducing agent) of the above-mentioned strontium carbonate and euro-
pium oxide, the following solid state carbon was used.
(5) Carbon (graphite) powder (C: purity 99.9%): 0.240 g

[0122] First, these phosphor ingredients and the added reducing agent were mixed thoroughly with an automatic
mortar. Thereafter, the mixed powder was placed in an alumina crucible. The alumina crucible was placed at a prede-
termined position in an atmospheric furnace, and heated in nitrogen-hydrogen mixed gas (97% nitrogen and 3% hydro-
gen) at 1600˚C for 2 hours. For simplicity, the aftertreatments such as pulverizing, classification, and washing are omitted.
[0123] Hereinafter, the characteristics of the fired product (SrAlSiN3:Eu2+ phosphor composition) obtained by the
above-mentioned production method will be described.
[0124] The body color of the above-mentioned phosphor composition was orange. FIG. 17 shows an emission spectrum
(254 nm excitation) 37 and an excitation spectrum 36 of the phosphor composition of the present example obtained by
the above-mentioned production method. FIG. 17 shows that the above-mentioned fired product is a red phosphor
having an emission peak in the vicinity of a wavelength of 640 nm, which is excited with light in a large wavelength range
of 220 nm to 600 nm (i.e., ultraviolet light - near-ultraviolet light - violet light - blue light - green light - yellow light - orange light
[0125] Constituent metal elements of the above-mentioned fired product were evaluated by semiquantitative analysis
using a fluorescent X-ray analysis method. Consequently, the fired product was found to be a compound mainly containing
Sr, Eu, Al, and Si.
[0126] These results suggest that a composition represented by (Sr0.98Eu0.02)AlSiN3 was produced and an SrAlSiN3:
Eu2+ phosphor was produced by the production method of the present example.
[0127] For reference, FIG. 18 shows an X-ray diffraction pattern of the phosphor composition of the present example.
As shown in FIG. 18, it is understood that the phosphor composition of the present example is at least a crystalline
phosphor in which a plurality of strong diffraction peaks, different from the diffraction peak of a phosphor ingredient such
as an alkaline-earth metal oxide, silicon nitride, or aluminum nitride, or the diffraction peak of a conventionally known
Sr2Si5N8 compound, are recognized in the vicinity of a diffraction angle (2θ) of 30˚ to 37˚ in the diffraction pattern
evaluation by the X-ray diffraction method under normal pressure and temperature using a Cu-Kα ray.
[0128] In the present example, it is considered based on the following Chemical Reaction Formula 2 that SrO of an
alkaline-earth metal oxide was reacted with nitrogen and silicon nitride while being substantially reduced by carbon
together with EuO as a lanthanide oxide, whereby a compound represented by a chemical formula: (Sr0.98Eu0.02)AlSiN3,
or a composition represented by a composition formula: (Sr0.98Eu0.02)AlSiN3 or a composition formula close thereto
was generated.

(Chemical Reaction Formula 2) 0.98 SrCO3 + 0.01 Eu2O3 + (1/3)Si3N4 + AlN + C + (1/3)
N2 + 0.01 H2 → Sr0.98Eu0.02AlSiN3 + 0.98 CO2↑ + CO↑ + 0.01 H2O↑

[0129] Thus, according to the production method a SrAlSiN3:Eu2+phosphor was produced using strontium carbonate
that is easy to handle and inexpensive as a supply source of alkaline-earth metal, without using Sr metal or Sr3N2 that
is unstable chemically, difficult to handle in the atmosphere, and expensive.
[0130] Hereinafter, the characteristics of the SrAlSiN3:Eu2+ phosphor composition of Example 2 will be described in
the case where the replacement ratio of Eu (= Eu replacement amount: Eu/(Sr + Eu) x 100 (atomic%)) with respect to
Sr is varied.
[0131] FIG. 19 shows emission spectra of the SrAlSiN3:Eu2+ phosphor compositions having different Eu replacement
amounts under the excitation with a UV-ray of 254 nm. As is understood from FIG. 19, the emission peak wavelength
shifted gradually from about 615 nm (Eu replacement amount: 0.1 to 0.3 atomic%) to a long wavelength side, and varied
within a range up to about 750 nm (Eu replacement amount: 100 atomic%), as the Eu replacement amount increased.
Furthermore, as the Eu replacement amount increased, the emission peak intensity increased gradually, and decreased
gradually after the Eu replacement amount exhibited a maximum value in the vicinity of 1 to 3 atomic%. Even when the
composition was excited with ultraviolet light - near-ultraviolet light - violet light - blue light - green light in a wavelength
range of 250 nm to 550 nm, there was hardly any change in a peak position of an emission spectrum.
[0132] FIG. 20 shows a summary of the relationship between the Eu replacement amount of the SrAlSiN3:Eu2+

phosphor composition with respect to an alkaline-earth metal element (Sr) and the emission peak wavelength thereof.
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Considering that the emission peak wavelength suitable for a light-emitting device is 610 nm to 660 nm, preferably 620
nm to 650 nm, it is understood from FIG. 20 that the Eu replacement amount preferable as a red phosphor for a light-
emitting device is 0.1 atomic% to less than 7 atomic%:
[0133] Furthermore, FIG. 21 shows a summary of the relationship between the Eu replacement amount of the SrAlSiN3:
Eu2+ phosphor composition with respect to an alkaline-earth metal element (Sr) and the emission peak height (emission
intensity). Even in the case where the peak wavelength of an excitation light source is varied in a wavelength range of
250 nm to 550 nm, the same tendency is recognized. It is understood from FIG. 21 that the Eu replacement amount
preferable in terms of the emission intensity is 0.3 atomic% to less than 6 atomic%, preferably 1 atomic% to less than
4 atomic%.
[0134] More specifically, it is understood from FIGS. 20 and 21 that the Eu replacement amount preferable as a red
phosphor for a light-emitting device is 0.1 atomic/ to 7 atomic%, preferably 1 atomic% to less than 4 atomic%.
[0135] In the present example, the case of the nitride phosphor composition containing Eu2+ ions as a luminescent
center ion has been described. A phosphor composition containing a luminescent center ion other than Eu2+ ions also
can be produced by the same production method.

Reference Example 3

[0136] A phosphor composition substantially represented by Sr0.98Ce0.02AlSiN3 was produced as follows.
[0137] In the present example, the following compounds were used as phosphor ingredients.

(1) Strontium carbonate powder (SrCO3: purity 99.9%): 2.894 g
(2) Cerium oxide powder (CeO2: purity 99.99%): 0.069 g
(3) Silicon nitride powder (Si3N4: purity 99%): 0.988 g
(4) Aluminum nitride powder (AlN: purity 99.9%): 0.820 g
Furthermore, as the reducing agent of the above-mentioned strontium carbonate and cerium oxide, the following
solid-state carbon was used.
(5) Carbon (graphite) powder (C: purity 99.9%): 0.240 g

[0138] Using these phosphor ingredients, a phosphor composition was produced by the same procedure/condition
as that of Example 2.
[0139] Hereinafter, the characteristics of the fired product (SrAlSiN3:Ce3+ phosphor composition) obtained by the
above-mentioned production method will be described.
[0140] The body color of the above-mentioned phosphor composition was white taking on blue-green. FIG. 22 shows
an emission spectrum (254 nm excitation) 37 and an excitation spectrum 36 of the phosphor composition of the present
example obtained by the above-mentioned production method. FIG. 22 shows that the above-mentioned fired product
is a blue-green phosphor having an emission peak in the vicinity of a wavelength of 504 nm, which is excited with light
in a large wavelength range of 220 nm to 450 nm (i.e., ultraviolet light - near-ultraviolet light - violet light - blue light).
[0141] These results suggest that a composition represented by SrAlSiN3:Ce3+ was produced by the production
method of the present example.
[0142] Even in the present example, it is considered based on the same Chemical Reaction Formula as that of Example
2 that SrO of an alkaline-earth metal oxide was reacted with nitrogen and silicon nitride while being substantially reduced
by carbon together with CeO2 as a lanthanide oxide, whereby a composition represented by a composition formula
close to (Sr0.98Ce0.02)AlSiN3 was generated.
[0143] Thus, according to the production method of the present example, a SrAlSiN3:Ce3+ phosphor was produced
using strontium carbonate that is easy to handle and inexpensive as a supply source of alkaline-earth metal, without
using Sr metal or Sr3N2 that is unstable chemically, difficult to handle in the atmosphere, and expensive.

Reference Example 4

[0144] A phosphor composition substantially represented by Ca0.98Eu0.02AlSiN3 was produced as follows.
[0145] In the present example, a phosphor composition was produced by the same production method and under the
same firing condition as those of Example 2, except for using the following materials as phosphor ingredients and an
added reducing agent (carbon powder).

(1) Calcium carbonate powder (CaCO3: purity 99.9%): 1.962 g
(2) Europium oxide powder (Eu2O3: purity 99.9%): 0.070 g
(3) Silicon nitride powder (Si3N4: purity 99%): 0.988 g
(4) Aluminum nitride powder (AlN: purity 99.9%): 0.820 g
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(5) Carbon (graphite) powder (C: purity 99.9%): 0.240 g

[0146] Hereinafter, the characteristics of the fired product (CaAlSiN3:Eu2+ phosphor composition) obtained by the
above-mentioned production method will be described.
[0147] The body color of the above-mentioned phosphor was orange. FIG. 23 shows an emission spectrum (254 nm
excitation) 37 and an excitation spectrum 36 of the phosphor composition of the present example obtained by the above-
mentioned production method. FIG. 23 shows that the above-mentioned fired product is a red-orange phosphor having
an emission peak in the vicinity of a wavelength of 600 nm, which is excited with light in a large wavelength range of
220 nm to 550 nm (i.e., ultraviolet light - near-ultraviolet light - violet light - blue light - green light). The chromaticity (x,
y) of emitted light in a CIE chromaticity coordinate was x = 0.496 and y = 0.471.
[0148] Constituent metal elements of the above-mentioned fired product were evaluated by semiquantitative analysis
using a fluorescent X-ray analysis method. Consequently, the fired product was found to be a compound mainly containing
Ca, Eu, Al, and Si.
[0149] These results suggest that a composition represented by (Ca0.98Eu0.02)AlSiN3 was produced and a CaAlSiN3:
Eu2+ phosphor was produced by the production method of the present example.
[0150] In the present example, it is considered based on the following Chemical Reaction Formula 3 that CaO of an
alkaline-earth metal oxide was reacted with nitrogen and silicon nitride while being substantially reduced by carbon
together with EuO as a lanthanide oxide, whereby a compound represented by a chemical formula: (Ca0.98Eu0.02)AlSiN3,
or a composition represented by a composition formula: (Ca0.98Eu0.02)AlSiN3 or a composition formula close thereto
was generated.

(Chemical Reaction Formula 3) 0.98 CaCO3 + 0.01 Eu2O3 + (1/3) Si3N4 + AlN + C + (1/3)
N2 + 0.01 H2 → Ca0.98Eu0.02AlSiN3 + 0.98 CO2↑ + CO↑ + 0.01 H2O↑

[0151] Thus, according to the production method of the present example, a CaAlSiN3:Eu2+phosphor was produced
using calcium carbonate that is easy to handle and inexpensive as a supply source of alkaline-earth metal, without using
Ca metal or Ca3N2 that is unstable chemically, difficult to handle in the atmosphere, and expensive.
[0152] In the present example, the case of the nitride phosphor composition containing Eu2+ ions as a luminescent
center ion has been described. A phosphor composition containing a luminescent center ion (e.g., Ce3+ ions) other than
Eu2+ ions also can be produced by the same production method.
[0153] Furthermore, in the present example, the case of the production method using carbon powder as an added
reducing agent has been described. A CaAlSiN3:Eu2+phosphor can be produced similarly even by the same production
method as that of Example 1, using, as phosphor ingredients, for example, a nitride of an alkaline-earth metal element,
calcium, (Ca3N2), silicon nitride (Si3N4), aluminum nitride (AlN), and an Eu material (europium oxide (Eu2O8), europium
nitride (EuN), metal Eu, etc.) without using an added reducing agent.
[0154] By appropriately selecting the addition amount of Eu2+ and production condition, red light having an emission
peak in a wavelength range of 610 nm to less than 650 nm also can be obtained from the CaAlSiN3:Eu2+ phosphor The
CaAlSiN3:Eu2+ phosphor may be a red phosphor.

Examples 5 to 8

[0155] Hereinafter, as the phosphor compositions of Examples 5 to 8 according to the present invention, phosphor
compositions each containing, as a main component of a phosphor host, a nitride substantially represented by SrAlSiN3
· a’Si3N4 were produced as follows.
[0156] As an example, a method for producing phosphor compositions with 2 atomic% of Sr replaced by Eu, respectively
containing, as a phosphor host, compositions with the numerical value of a’ being 0.5, 0.75, 1, and 2 (i.e., 2 SrAlSiN3 ·
Si3N4, 4 SrAlSiN3 · 3Si3N4, SrAlSiN3 · Si3N4, and SrAlSiN3 · 2 Si3N4), and the characteristics thereof will be described.
[0157] In the production of the above-mentioned compositions, the same phosphor ingredients and added reducing
agent as those described in Example 2 have been used. The phosphor compositions were produced and evaluated by
the same procedure and under the same condition as those in Example 2, except that the mixed ratios were set to be
the weight ratios shown in Table 1.

Table 1

Composition formula SrCO3 Eu2O3 Si2N4 AlN C

Example 5 2(Sr0.98Eu0.02)AlSiNs·Si3N4 5.787g 0.141g 4.942g 1.639g 0.480g

Example 6 4(Sr0.98Eu0.02)AlSiN3·3Si3N4 11.574g 0.282g 12.849g 3.279g 0.961g
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[0158] Hereinafter, the characteristics of the phosphor compositions thus obtained will be described.
[0159] The body colors of the phosphor compositions were all orange. As a representative example, FIGS. 24 to 27
show an emission spectrum (254 nm excitation) 37 and an excitation spectrum 36 of the phosphor compositions of
Examples 5 to 8 obtained by the above-mentioned production method. FIGS. 24 to 27 show that the above-mentioned
fired products are all red phosphors having an emission peak in the vicinity of a wavelength of 640 nm, which are excited
with light in a large wavelength range of 220 nm to 600 nm (i.e., ultraviolet light - near-ultraviolet light - violet light - blue
light - green light - yellow light - orange light).
[0160] Although detailed data is omitted, even in the phosphor composition in which Eu2+ ions were added to the
composition with Sr2Si5N8, SrSiN2, and SrSi7N10 excessively added to the above-mentioned SrAlSiNs (i.e., the nitride
phosphor composition with Eu2+ ions added thereto as an example of a luminescent center, containing, as a phosphor
host, a composition substantially represented by SrAlSiN3 · a’Sr2Si5N8, SrAlSiN3 · a’SrSiN2, or the like), as well as the
phosphor composition in which Eu2+ ions were added to the composition with Si3N4 added excessively to SrAlSiN3 as
described in Examples 5 to 8, the same emission characteristics as those of the above-mentioned phosphor composition
in which Eu2+ ions were added to a composition with Si3N4 excessively added thereto, were recognized. The above-
mentioned a’ is a numerical value satisfying a numerical value such as 0.25, 0.33, 0.5, 0.67, 0.75, 1, 1.5, or 2. Therefore,
a’ is set to be a numerical value satisfying 0.25 ≤ a’ ≤ 2, preferably 0.25 ≤ a’ ≤ 1.
[0161] It has not been confirmed whether excess Si3N4, Sr2Si5N8, SrSiN2, and SrSi7N10 are present in these phosphor
compositions together with the above-mentioned SrAlSiN3, or contribute to the formation of novel compounds such as
Sr2Al2Si5N10, Sr4Al4Si13N24, SrAlSi4N7, SrAlSi7N11, Sr4Al2Si7N14, Sr3AlSi6N11, Sr5AlSi11N19, Sr3Al2Si3N8, Sr2AlSi2N5,
Sr3MSi3N7, Sr3Al2Si9N16, Sr2AlSi8N13, and Sr3AlSi15N23 to allow these novel compounds to function as a phosphor
host. It is necessary to investigate using various kinds of crystal structure analysis procedures, and both cases may be
possible.

Examples 9 to 25

[0162] As the phosphor compositions of Examples 9 to 25 not forming part of the present invention, phosphor com-
positions containing, as a main component of a phosphor host, a composition substantially represented by aSr3N2 ·
bAlN · cSi3N4 were produced as follows.
[0163] As an example, Tables 2, 3, and 6 show phosphor compositions with 2 atomic% of Sr replaced by Eu with the
numerical values of "a", "b", and "c" being those shown in Table 2, and the production method and characteristics thereof
will be described. Although the phosphor compositions in Tables 2, 3, and 6 may be represented differently, they have
the same composition ratios, respectively.

(continued)

Composition formula SrCO3 Eu2O3 Si2N4 AlN C

Example 7 (Sr0.98Eu0.02)AlSiN3·Si3N4 2.894g 0.070g 3.953g 0.820g 0.240g

Example 8 (Sr0.98Eu0.02)AlSiN3·2Si3N4 2.894g 0.070g 6.919g 0.820g 0.240g

Table 2

a b C Phosphor composition

Example 9 2 3 2 2(Sr0.98Eu0.02)3N2·3AlN·2AlN·2Si3N4

Example 10 1 1 1 (Sr0.98Eu0.02)3N2·AlN·Si3N4

Example 11 4 3 4 4(Sr0.98Eu0.02)3N2·3AlN·4Si3N4

Example 12 1 2 1 (Sr0.98Eu0.02)3N2· 2AlN · Si3N4

Example 13 1 1 2 (Sr0.98Eu0.02) 3N2·AlN·2Si3N4

Example 14 5 3 11 5(Sr0.98Eu0.02)3N2·3AlN·11Si3N4

Example 15 7 3 16 7(Sr0.98Eu0.02)3N2·3AlN·16Si3N4

Example 16 4 6 7 4(Sr0.98Eu0.02)3N2·6AlN·7Si3N4

Example 17 2 3 8 2(Sr0.98Eu0.02)3N2·3AlN·8Si3N4

Example 18 1 1 5 (Sr0.98Eu0.02)3N2·AlN-5Si3N4
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[0164] As Comparative Examples 1 to 5, Tables 4, 5, and 6 show phosphor Compositions with 2 atomic% of Sr
replaced by Eu, with the numerical values of "a", "b", and "c" being those shown in Table 4, and these compositions
were produced and evaluated in the same way as the above. Although the phosphor compositions in Tables 4, 5, and
6 may be represented differently, they have the same composition ratios, respectively.

(continued)

a b C Phosphor composition

Example 19 4 3 22 4(Sr0.98Eu0.02)3N2·3AlN·22Si3N4

Example 20 1 2 3 (Sr0.98Eu0.02)3N2·2AlN·3Si3N4

Example 21 1 3 10 (Sr0.98Eu0.02)3N2·3AlN·10SisN4

Example 22 1 2 3 (Sr0.98Eu0.02)3N2·2AlN·3Si3N4

Example 23 5 6 14 5(Sr0.98Eu0.02)3N2·6AlN · 14Si3N4

Example 24 7 6 19 7(Sr0.98Eu0.02)3N2·6AlN·19Si3N4

Example 25 9 6 24 9(Sr0.98Eu0.02)3N2·6AlN·24Si3N4

Table 3

Phosphor composition

Example 9 (Sr0.98Eu0.02)AlSiN3· (Sr0.98Eu0.02)SiN2

Example 10 (Sr0.98Eu0.02)AlSiN3 · 2(Sr0.98Eu0.02)SiN2

Example 11 (Sr0.98Eu0.02)AlSiN3·3(Sr0.98Eu0.02)SiN2

Example 12 2(Sr0.98Eu0.02)AlSiN3· (Sr0.98Eu0.02)SiN2

Example 13 (Sr0.98Eu0.02)AlSiN3· (Sr0.98Eu0.02)2Si5N8

Example 14 (Sr0.98Eu0.02)AlSiN3·2(Sr0.98Eu0.02)2Si5N8

Example 15 (Sr0.98Eu0.02)AlSiN3·3(Sr0.98Eu0.02)2Si5N8

Example 16 2(Sr0.98Eu0.02)AlSiN3·(Sr0.98Eu0.02)2Si5N8

Example 17 (Sr0.98Eu0.02)AlSiN3·3(Sr0.98Eu0.02)2Si7N10

Example 18 (Sr0.98Eu0.02)AlSiN3·2(Sr0.98Eu0.02)2Si7N10

Example 19 ((Sr0.98Eu0.02)AlSiN3·3(Sr0.98Eu0.02)2Si7N10

Example 20 2(Sr0.98Eu0.02)AlSiN3· (Sr0.98Eu0.02)Si7N10

Example 21 (Sr0.98Eu0.02)AlSiN3·3Si3N4

Example 22 (Sr0.98Eu0.02)3Al2Si9N16

Example 23 (Sr0.98Eu0.02)5Al2Si14N24

Example 24 (Sr0.98Eu0.02)7Al2Si19N32

Example 25 (Sr0.98Eu0.02)9Al2Si24N40

Table 4

a b c Phosphor composition

Comparative Example 1 1 6 1 (Sr0.98Eu0.02)3N2·6AlN·Si3N4

Comparative Example 2 1 9 1 (Sr0.98Eu0.02)3N2·6AlN·Si3N4

Comparative Example 3 2 9 2 2(Sr0.98Eu0.02)3N2·9AlN·2Si3N4

Comparative Example 4 1 6 4 (Sr0.98Eu0.02)3N2·6AlN·Si3N4

Comparative Example 5 2 0 5 2(Sr0.98Eu0.02)3N2·5Si3N4
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[0165] In the production of these compositions, the same phosphor ingredients and added reducing agent as those
described in Example 2 were used. Phosphor compositions were produced and evaluated by the same procedure and
under the same condition as those in Example 2, except that the mixed weight ratios were set to be the weight ratios
shown in Table 6.

[0166] Hereinafter, the characteristics of the phosphor compositions thus obtained will be described briefly.
[0167] The body colors of the phosphor compositions of the present example were all orange. An emission spectrum
and an excitation spectrum are omitted herein. The phosphor compositions of Examples 9 to 25 were all red phosphors
having an emission peak in the vicinity of a wavelength of 620 nm to 640 nm in the same way as in the phosphor of
Example 1 or 2 shown in FIG. 15 or 27, which were excited with light in a large wavelength range of 220 nm to 600 nm

Table 5

Phosphor composition

Comparative Example 1 (Sr0.98Eu0.02)AlSiN3·AlN

Comparative Example 2 (Sr0.98Eu0.02)AlSiN3·2AlN

Comparative Example 3 2(Sr0.98Eu0.02)AlSiN3·AlN

Comparative Example 4 (Sr0.98Eu0.02)Al2Si4N8

Comparative Example 5 (Sr0.98Eu0.02)Si5N8

Table 6

Composition formula SrCO3 Eu2O3 Si3N4 AlN C

Example 9 (Sr0.98Eu0.02)2AlSi2N5 5.787g 0.141g 1.977g 0.820g 0.480g

Example 10 (Sr0.98Eu0.02)3AlSi3N7 8.681g 0.211g 2.965g 0.820g 0.721g

Example 11 (Sr0.98Eu0.02)4AlSi4N9 11.574g 0.282g 3.953g 0.820g 0.961g

Example 12 (Sr0.98Eu0.02)3Al2Si3N8 8.681g 0.211g 2.965g 1.639g 0.721g

Example 13 (Sr0.98Eu0.02)3AlSi6N11 8.681g 0.211g 5.930g 0.820g 0.721g

Example 14 (Sr0.98Eu0.02)5AlSi11N19 14.468g 0.352g 10.872g 0.820g 1.201g

Example 15 (Sr0.98Eu0.02)7AlSi16N27 20.255g 0.493g 15.814g 0.820g 1.682g

Example 16 (Sr0.98Eu0.02)4Al2Si7N14 11.574g 0.282g 6.919g 1.639g 0.961g

Example 17 (Sr0.98Eu0.02)2AlSi8N13 5.787g 0.141g 7.907g 0.820g 0.480g

Example 18 (Sr0.98Eu0.02)3AlSi15N23 8.681g 0.211g 14.825g 0.820g 0.721g

Example 19 (Sr0.98Eu0.02)4AlSi22N33 11.574g 0.282g 21.744g 0.820g 0.961g

Example 20 (Sr0.98Eu0.02)3Al2Si9N16 8.681g 0.211g 8.895g 1.639g 0.721g

Example 21 (Sr0.98Eu0.02)AlSi10N15 2.894g 0.070g 9.884g 0.820g 0.240g

Example 22 (Sr0.98Eu0.02)3Al2Si9N16 8.681g 0.211g 8.895g 1.639g 0.721g

Example 23 (Sr0.98Eu0.02)5Al2Si14N24 14.468g 0.352g 13.837g 1.639g 1.201g

Example 24 (Sr0.98Eu0.02)7Al2Si19N32 20.255g 0.493g 18.779g 1.639g 1.682g

Example 25 (Sr0.98Eu0.02)9Al2Si24N40 26.042g 0.633g 28.721g 1.639g 2.162g

Comparative Example 1 (Sr0.98Eu0.02)Al2SiN4 2.894g 0.070g 0.988g 1.639g 0.240g

Comparative Example 2 (Sr0.98Eu0.02)Al3SiN5 2.894g 0.070g 0.988g 2.459g 0.240g

Comparative Example 3 (Sr0.98Eu0.02)2Al3Si2N7 5.787g 0.141g 1.977g 2.459g 0.480g

Comparative Example 4 (Sr0.98Eu0.02)3Al2Si4N8 2.894g 0.070g 3.953g 1.639g 0.240g

Comparative Example 5 (Sr0.98Eu0.02)2Si5N8 14.468g 0.352g 12.355g 0g 1.201g
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(i.e., ultraviolet light - near-ultraviolet light - violet light - blue light - green light - yellow light - orange light).
[0168] For reference, Table 7 shows a summary of an emission peak wavelength and an absolute value of an emission
peak height of the phosphor compositions of Examples 9 to 25 and Comparative Examples 1 to 5.

[0169] Furthermore, FIG. 28 is a ternary system of composition showing a composition range of the phosphor com-
positions. In FIG. 28, regarding the emission colors of the phosphor compositions of Examples 1, 2, and 5-25, and the
phosphor compositions of Comparative Examples 1-5, • represents red color, and ∆ represents the colors other than
the red color.
[0170] In FIG. 28, s represents a conventional Sr2Si5N8:Eu2+ nitridosilicate phosphor emitting red light. Furthermore,
in FIG. 28, e represents a Sr3Al2N5:Eu2+ phosphor composition that is unstable chemically in the atmosphere and
cannot be substantially evaluated for emission characteristics. Furthermore, in the case of using the production condition
of Example 2, the compositions containing Sr3N2 in a high ratio in the ternary system of composition shown in FIG. 28
tended to be difficult to produce due to melting, and unstable chemically in the atmosphere.
[0171] It is understood from FIG. 28 and Table 7 that, as a phosphor composition different from the conventional
nitridosilicate phosphor (e.g., Sr2Si5N8:Eu2+), a phosphor composition, which contains a composition represented by a
composition formula: aSr3N2·bAlN·cSi3N4 as a main component of a phosphor host, and contains Eu2+ ions as an
activator, wherein "a", "b", and "c" are numerical values satisfying 0.2 ≤ a/(a + b) ≤ 0.95, 0.05 ≤ b / (b + c) ≤ 0.8, and 0.4
≤ c / (c + a) ≤ 0.95, becomes a red phosphor.
[0172] The phosphor composition characteristic in terms of the constituent composition, compared with the above-
mentioned conventional nitridosilicate phosphor, is the one with "a", "b", and "c" being the numerical values satisfying
0.2 ≤ a / (a + b) ≤ 0.6, 0.3 ≤ b / (b + c) ≤ 0.8, and 0.4 ≤ c / (c + a) ≤ 0.8, in particular, 0.2 ≤ a / (a + b) ≤ 0.3, 0.6 ≤ b / (b
+ c) ≤ 0.8, and 0.4 ≤ c / (c + a) ≤ 0.6, represented by the composition formula: SrAlSiN3 containing Eu2+ ions as an activator.

Table 7

Emission peak wavelength (nm) Relative emission peak height (arbitrary unit)

Example 9 639 39

Example 10 626 38

Example 11 629 38

Example 12 639 40

Example 13 625 97

Example 14 630 100

Example 15 628 86

Example 16 628 92

Example 17 631 73

Example 18 628 67

Example 19 628 66

Example 20 626 54

Example 21 638 55

Example 22 625 60

Example 23 630 67

Example 24 625 82

Example 25 628 92

Comparative Example 1 490 69

Comparative Example 2 484 79

Comparative Example 3 487 99

Comparative Example 4 594 12

Comparative Example 5 621 104
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[0173] In Examples 9 to 25, the case of the phosphor composition produced by the same production method as that
shown in Example 2 has been described. Even according to the production method for allowing nitride materials to react
directly with each other shown in Example 1, the same results are obtained.
[0174] Furthermore, in Examples 9 to 25, the case where the element "M" is set to be Sr has been described. Even
in the case where "M" is Ca, and where the main component of "M" is set to be Ca or Sr, and a part of "M" is replaced
by Ba, Mg, or Zn, the same results are obtained.
[0175] Next, another reference example will be described.
[0176] The characteristics of the phosphor activated with Eu2+ were investigated in detail. Consequently, the following
was found. The phosphors shown in the following (1) to (3) have a high internal quantum efficiency under the excitation
of a blue light-emitting element having an emission peak in a blue wavelength range of 420 nm to less than 500 nm, in
particular 440 nm to less than 500 nm, as well as a high internal quantum efficiency under the excitation of a violet light-
emitting element having an emission peak in a near-ultraviolet - violet range wavelength range of 360 nm to less than
420 nm. Satisfactory phosphors have an internal quantum efficiency of 90% to 100%.

(1) A green phosphor of an alkaline-earth metal orthosilicate type, a thiogallate type, an aluminate type, and a nitride
type (nitridosilicate type, SIALON type, etc.) activated with Eu2+ and having an emission peak in a wavelength range
of 500 nm to less than 560 nm (e.g., phosphors such as (Ba, Sr)2SiO4:Eu2+, SrGa2S4:Eu2+, SrAl2O4:Eu2+, BaSiN2:
Eu2+, and Sr1.5Al3Si9N16:Eu2+).
(2) A yellow phosphor of an alkaline-earth metal orthosilicate type, a thiogallate type, and a nitride type (nitridosilicate
type, SIALON type, etc.) activated with Eu2+ and having an emission peak in a wavelength range of 560 nm to less
than 600 nm (e.g., phosphors such as (Sr, Ba)2SiO4:Eu2+, CaGa2S4:Eu2+, 0.75(Ca0.9Eu0.1)O·2.25AlN·3.25 Si3N4:
Eu2+, Ca1.5Al3Si9N16:Eu2+, (Sr, Ca)2SiO4:EU2+, CaSiAl2O3N2:Eu2+, and CaSi6AlON9:Eu2+).
(3) A red phosphor of a nitride type (nitridosilicate type, nitridoaluminosilicate type) activated with Eu2+ and having
an emission peak in a wavelength range of 600 nm to less than 660 nm (e.g., phosphors such as Sr2Si5N8:Eu2+,
SrSiN2:Eu2+, SrAlSiN3:Eu2+, CaAlSiN3Eu2+, and Sr2Si4AlON7:Eu2+).

[0177] The excitation spectra of these phosphors have an excitation peak in a wavelength range shorter than the
wavelength of light emitted by the blue light-emitting element, mostly in a near-ultraviolet - violet wavelength range of
360 nm to less than 420 nm. Therefore, the external quantum efficiency under the excitation of the blue light-emitting
element is not necessarily high. However, the internal quantum efficiency is found to be at least 70% that is higher than
expected from the excitation spectrum, and 90% to 100% in a particularly preferable case.
[0178] As an example, FIG. 29 shows an internal quantum efficiency 40, an external quantum efficiency 41, and an
excitation spectrum 42 of a SrSiN2:Eu2+ red phosphor, and for reference, an emission spectrum 43 of the phosphor.
FIGS. 30 to 35 respectively show the internal quantum efficiency 40, the external quantum efficiency 41, and the excitation
spectrum 42, and for reference, the emission spectrum 43 in the same way as in FIG. 29, regarding a SrAlSiN3:Eu2+

red phosphor (FIG. 30), a Sr2Si5N8:Eu2+ red phosphor (FIG. 31), a (Ba, Sr)2SiO4:Eu2+ green phosphor (FIG. 32), a (Sr,
Ba)2SiO4:Eu2+ yellow phosphor (FIG. 33), a (Sr, Ca)2SiO4:Eu2+ yellow phosphor (FIG. 34), and a 0.75(Ca0.9Eu0.1)
O·2.25AlN·3.25Si3N4:Eu2+ yellow phosphor (FIG. 35). For example, the external quantum efficiency of the (Sr, Ba)2SiO4:
Eu2+ yellow phosphor that is an alkaline-earth metal orthosilicate phosphor activated with Eu2+ shown in FIG. 33 is
about 75% under the excitation of a blue light-emitting element with a wavelength of 440 nm, about 67% at a wavelength
of 460 nm, and about 60% at a wavelength of 470 nm. However, in the blue wavelength range of 440 nm to less than
500 nm, the internal quantum efficiency is found to be at least 85% that is higher than expected from an excitation
spectrum, and about 94% in a particularly satisfactory case.
[0179] Furthermore, in addition to the above-mentioned phosphors, a phosphor coactivated with Eu2+ or Ce3+ also
is found to have the same characteristics. As an example, FIGS. 36 to 39 show the internal quantum efficiency 40, the
external quantum efficiency 41, and the excitation spectrum 42, and for reference, the emission spectrum 43 in the same
way as in FIG. 29, regarding a (Y, Gd)3Al5O12:Ce3+ yellow phosphor (FIG. 36), a BaMgAl10O17:Eu2+ blue phosphor
(FIG. 37), a Sr4Al14O25:Eu2+ blue-green phosphor (FIG. 38), and a (Sr, Ba)10(PO4)6Cl2:Eu2+ blue phosphor (FIG. 39).
[0180] The following is understood from FIGS. 29 to 39. The excitation wavelength dependency of an external quantum
efficiency of each phosphor is similar to the shape of an excitation spectrum. The external quantum efficiency is not
necessarily high under the excitation of light with a wavelength longer than that of a peak of an excitation spectrum (for
example, under the excitation of a blue light-emitting element); however, the internal quantum efficiency exhibits a high
numerical value under the excitation of the blue light-emitting element. Furthermore, it is understood from FIGS. 29 to
35 and FIGS. 37 to 39 that each phosphor has a high internal quantum efficiency under the excitation of the above-
mentioned violet light-emitting element, and the satisfactory phosphors have an internal quantum efficiency of 90% to
100%.
[0181] Further investigation found the following. In addition to the above-mentioned phosphors (1) to (3), the following
phosphors (4) and (5) have a high internal quantum efficiency under the excitation of the violet light-emitting element.
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(4) A nitride type (nitridosilicate type, SIALON type, etc.) blue or green phosphor activated with Eu2+ or Ce3+ and
having an emission peak in a wavelength range of 490 nm to 550 nm (e.g., phosphors such as Sr2Si5Na:Ce2+,
SrSiAl2O3N2:Eu2+, and Ca1.5Al3Si9N16:Ce3+).
(5) A blue-green or blue phosphor of an alkaline-earth metal orthosilicate type or a halophosphate type activated
with Eu2+ and having an emission peak in a wavelength range of 420 nm to less than 500 nm (e.g., phosphors such
as Ba3MgSi2O8:Eu2+, and (Sr, Ca)10(PO4)6Cl2:Eu2+).

[0182] The excitation spectra of these phosphors have an excitation peak in a near-ultraviolet - violet wavelength
range of 360 nm to less than 420 nm, so that the external quantum efficiency under the excitation of the violet light-
emitting element is not high.
[0183] As an example, FIG. 40 shows the internal quantum efficiency 40, the external quantum efficiency 41, and the
excitation spectrum 42 of a La2O2S:Eu3+ red phosphor frequently used in combination with the above-mentioned con-
ventional violet light-emitting element, and for reference, the emission spectrum 43 of the phosphor. As is understood
from FIG. 40, the internal quantum efficiency and the external quantum efficiency of the above-mentioned La2O2S:Eu3+

red phosphor decrease rapidly with the increase in an excitation wavelength, in a violet range in which the peak of the
excitation spectrum is 380 nm to less than 420 nm, and furthermore in an excitation wavelength of about 360 to 380 nm
or more. For example, in the case where the excitation wavelength is prolonged gradually in a violet wavelength range
of 380 nm to less than 420 nm, the internal quantum efficiency changes greatly at a low level (about 80% (380 nm),
about 62% (400 nm), about 25% (420 nm)).
[0184] Although data is omitted, the internal quantum efficiency, the external quantum efficiency and the excitation
spectrum of the Y2O2S:Eu3+ red phosphor correspond to the characteristics of the internal quantum efficiency, the
external quantum efficiency, and the excitation spectrum of the above-mentioned La2O2S:Eu3+ shifted to a short wave-
length side by 10 to 50 nm.
[0185] More specifically, it is understood that the La2O2S:Eu3+ red phosphor and the Y2O2S:Eu3+ red phosphor
frequently used in combination with the above-mentioned conventional violet light-emittiizg element have difficulty in
converting light emitted by a light-emitting element having an emission peak in a near-ultraviolet - violet wavelength
range of 360 nm to less than 420 nm, in particular, in a violet wavelength range of 380 nm to less than 420 nm into red
light at a high conversion efficiency, in terms of the physical properties of the material.
[0186] The reason why the above-mentioned La2O2S:Eu3+ red phosphor and the Y2O2S:Eu3+ red phosphor exhibit
the above-mentioned excitation wavelength dependency of an internal quantum efficiency is as follows. In the case
where Eu3+ is excited in the charge transfer state (CTS), and these phosphors emit light after the excitation energy is
relaxed to a 4f energy level of Eu3+ via the CTS, light emission with a high efficiency is obtained, and in the case where
these phosphors emit light directly by the excitation of Eu3+ without the CTS, light emission with a high efficiency is not
obtained. The above-mentioned CTS refers to the state where one electron is transferred from the surrounding anions
(O or S) to Eu3+. Due to the above-mentioned mechanism, it is difficult to obtain a light-emitting device with a high
luminous flux, using the above-mentioned red phosphor of an oxysulfide type and the light-emitting element (in particular,
a violet light-emitting element).
[0187] Furthermore, in the case of configuring a white light-emitting device that excites a plurality of kinds of phosphors
using a violet light-emitting element, due to the color balance, the intensity of the output light has a correlation with an
internal quantum efficiency of a phosphor having a lowest internal quantum efficiency. That is, if at least one phosphor
having a low internal quantum efficiency is present in a phosphor constituting the light-emitting device, the intensity of
output light becomes low, which makes it difficult to obtain white light with a high luminous flux.
[0188] Herein, the internal quantum efficiency refers to a ratio of the quantum number of light emitted by a phosphor,
with respect to the quantum number of excited light absorbed by the phosphor. The external quantum efficiency refers
to a ratio of the quantum number of light emitted by a phosphor, with respect to the quantum number of excited light
illuminating the phosphor. More specifically, a high quantum efficiency represents that excited light is converted efficiently.
A method for measuring a quantum efficiency has already been established, and Publication of Illuminating Engineering
Institute of Japan describes the detail thereof.
[0189] The light emitted by a light-emitting element absorbed by a phosphor with a high internal quantum efficiency
is converted efficiently to be output. On the other hand, the light emitted by a light-emitting element that is not absorbed
by the phosphor is output as it is. Therefore, a light-emitting device including a light-emitting element having an emission
peak in the above-mentioned wavelength range and a phosphor having a high internal quantum efficiency under the
excitation of light emitted by the light-emitting element can use light energy efficiently. Thus, by combining at least the
above-mentioned phosphors (1) to (5) with the above-mentioned light-emitting element, a light-emitting device with a
high luminous flux and a high color rendering property can be obtained.
[0190] On the other hand, a light-emitting device including a light-emitting element having an emission peak in the
above-mentioned wavelength range, and a phosphor having a low internal quantum efficiency under the excitation of
light emitted by the light-emitting element cannot convert light energy emitted by the light-emitting element efficiently,
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and hence has a low luminous flux.
[0191] A light-emitting device including a light-emitting element having an emission peak in a near-ultraviolet - violet
wavelength range of 360 nm to less than 420 nm, and a phosphor having a low external quantum efficiency under the
excitation of light emitted by the light-emitting element emits light in a near-ultraviolet - violet wavelength range that has
a low spectral luminous efficacy and hardly participates in the enhancement of a luminous flux. Therefore, unless light
emitted by the light-emitting element is allowed to be absorbed in a large amount by a phosphor, by increasing the
thickness of the phosphor layer, enhancing the concentration of a phosphor in the phosphor layer, etc., a luminous flux
becomes low.
[0192] Hereinafter, another reference embodiment of the light-emitting device will be described.

Reference Embodiment 6

[0193] An example of a light-emitting device includes a phosphor layer containing a nitride phosphor and a light-
emitting element. The light-emitting element has an emission peak in a wavelength range of 360 nm to less than 500
nm, the nitride phosphor is excited with light emitted by the light-emitting element to emit light, and the light-emitting
device contains at least light-emitting component light emitted by the nitride phosphor as output light. Furthermore, the
nitride phosphor is activated with Eu2+ and represented by a composition formula: (M1-xEux)AlSiN3, where "M" is at least
one element selected from the group consisting of Mg, Ca, Sr, Ba, and Zn, and "x" is a numerical value satisfying 0.005
≤ x ≤ 0.3.
[0194] The light-emitting element is not particularly limited, as long as it is a photoelectric transducer for converting
electric energy into light, which emits light having an emission peak in any of wavelength ranges of 360 nm to less than
420 nm or 420 nm to less than 500 nm, more preferably 380 nm to less than 420 nm or 440 nm to less than 500 nm.
For example, a light-emitting diode (LED), a laser diode (LD), a surface-emitting LD, an inorganic electroluminescence
(EL) element, an organic EL element, or the like can be used.
[0195] In the case of using, as a light-emitting element, an LED or an LD including a GaN-based compound as a light-
emitting layer, it is preferable to use a violet light-emitting element that emits light having an emission peak in a wavelength
range of preferably 380 nm to less than 420 nm, more preferably 395 nm to 415 nm, or a blue light-emitting element
that emits light having an emission peak in a wavelength range of preferably 440 nm to less than 500nm, more preferably
450 nm to 480 nm, since a high output is obtained.
[0196] It is preferable that the output light contains light-emitting component light emitted by the light-emitting element.
In particular, in the case where the above-mentioned light-emitting element has an emission peak in a blue wavelength
range, if light-emitting component light emitted by the nitride phosphor and light-emitting component light emitted by the
emission element are included in output light, white light having a higher color rendering property is obtained, which is
more preferable.
[0197] The above-mentioned nitride phosphor is represented by the above-mentioned composition formula: (M1-xEux)
AlSiN3, which emits light in a warm color having an emission peak in a wavelength range of 600 nm to less than 660
nm, preferably red light having an emission peak in a wavelength range of 610 nm to 650 nm. The above-mentioned
nitride phosphor corresponds to a nitride phosphor having a high internal quantum efficiency under the excitation of light
in a wavelength range of 360 nm to less than 500 nm, for example, the SrAlSiN3:Eu2+ red phosphor, the CaAlSiN3:Eu2+

red phosphor, and the like shown in FIG. 30.
[0198] The light-emitting device including at least a phosphor layer containing a nitride phosphor with a high internal
quantum efficiency and the above-mentioned light-emitting element can output light energy efficiently. The light-emitting
device configured as described above has a high intensity of a light-emitting component in a warm color, and a special
color rendering index R9 with a large numerical value. This light-emitting device has a high luminous flux and a high
color rendering property, comparable to those of a conventional light-emitting device using a La2O2S:Eu3+ phosphor
and a conventional light-emitting device using a combination of a Sr2Si5N8:Eu2+ phosphor and a YAG:Ce phosphor.
[0199] The light-emitting device is not particularly limited, as long as it includes at least a phosphor layer containing
the above-mentioned nitride phosphor and the above-mentioned light-emitting element. For example, the light-emitting
device of the present embodiment corresponds to a semiconductor light-emitting device, a white LED, a display device
using a white LED, an illumination device using a white LED, etc. More specifically, examples of the display device using
a white LED include an LED information display terminal, an LED traffic light, and an LED lamp for an automobile.
Examples of the illumination device using a white LED include an LED indoor-outdoor illumination lamp, an interior LED
lamp, an LED emergency lamp, and an LED decorative lamp.
[0200] Among them, the above-mentioned white LED is particularly preferable. In general, a conventional LED is a
light-emitting element of a monochromatic light source that emits light having a particular wavelength from the light
emission principle. That is, a light-emitting element that emits white light cannot be obtained from the conventional LED.
In contrast, white fluorescence can be obtained from the white LED of the present embodiment by a method for combining,
for example, the conventional LED and a phosphor.
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[0201] In the present reference embodiment, when the main component of the element "M" is set to be Sr or Ca, the
nitride phosphor obtains a satisfactory color tone and a high emission intensity, which is more preferable. Setting the
main component to be Sr or Ca means that at least 50 atomic% of the element "M" is any one element of Sr and Ca.
Furthermore, it is preferable that at least 80 atomic% of the element "M" is any one element of Sr and Ca, and it is more
preferable that all the atoms of the element "M" are any one element of Sr and Ca.
[0202] Furthermore, it is preferable that the above-mentioned injection type electroluminescence element is used,
since the light-emitting element emits a strong output light. It is more preferable that an LED or an LD particularly
containing a GaN-based semiconductor in an active layer is used as an injection type electroluminescence element,
since strong stable output light is obtained.

Reference Embodiment 7

[0203] As another example of the light-emitting device , the above-mentioned phosphor layer of Embodiment 6 may
further contain a green phosphor that is activated with Eu2+ or Ce3+ and has an emission peak in a wavelength range
of 500 nm to less than 560 nm. The green phosphor is not particularly limited, as long as it is excited with light emitted
by the light-emitting element described in reference embodiment 6, and emits light having an emission peak in a wave-
length range of 500 nm to less than 560 nm, preferably 510 nm to 550 nm, and more preferably 525 nm to 550 nm.
[0204] For example, in the case of using a blue light-emitting element, it may be possible to use a green phosphor in
which an excitation peak of an excitation spectrum on a longest wavelength side is not in a wavelength range of 420
nm to less than 500 nm (i.e., an excitation peak of an excitation spectrum on a longest wavelength side is in a wavelength
range of less than 420 nm).
[0205] The green phosphor corresponds to a phosphor having an internal quantum efficiency under the excitation of
light in a wavelength range of 360 nm to less than 500 nm, for example, the (Ba, Sr)2SiO4:Eu2+ green phosphor shown
in FIG. 32 or the like. A light-emitting device including at least a phosphor layer containing at least the phosphor and
the above-mentioned light-emitting element is preferable, since it outputs light energy efficiently. In such a light-emitting
device, the emission intensity of green light contained in output light increases and the color rendering property is
enhanced. Furthermore, green light has a high excitation energy efficacy and a higher luminous flux. In particular,
depending upon the combination of a phosphor contained in a phosphor layer, it is possible to obtain output light having
a high color rendering property with an average color rendering index Ra of at least 90.
[0206] It is more preferable that the above-mentioned green phosphor is a nitride phosphor or an oxynitride phosphor
activated with Eu2+ (e.g., BaSiN2:Eu2+, Sr1.5Al3Si9N16:Eu2+, Ca1.5Al3Si9Ni6:Eu2+, CaSiAl2O3N2:Eu2+, SrSiAl2O3N2:
Eu2+, CaSi2O2N2:Eu2+, SrSi2O2N2:Eu2+, BaSi2O2N2:Eu2+), an alkaline-earth metal orthosilicate phosphor activated with
Eu2+ (e.g., (Ba, Sr)2SiO4:Eu2+, (Ba, Ca)2SiO4:Eu2+), a thiogallate phosphor activated with Eu2+ (e.g., SrGa2S4:Eu2+),
an aluminate phosphor activated with Eu2+ (e.g., SrAl2O4:Eu2+), an aluminate phosphor coactivated with Eu2+ and Mn2+

(e.g., BaMgAl10O17:Eu2+, Mn2+), a nitride phosphor or an oxynitride phosphor activated with Ce3+ (e.g., Sr2Si5N8:Ce3+,
Ca1.5Al3Si9N16:Ce3+, Ca2Si5N8:Ce3+), and a phosphor having a garnet configuration activated with Ce3+ (e.g., Y3(Al,
Ga)5O12:Ce3+, Y3Al5O12:Ce3+, BaY2SiAl4O12:Ce3+, Ca3Sc2Si3O12:Ce3+), since the internal quantum efficiency under
the excitation of the above-mentioned light-emitting element becomes high.
[0207] Thus, the light-emitting device includes a phosphor layer containing at least the nitride phosphor of Reference
Embodiment 6 and the above-mentioned green phosphor, and the light-emitting element of Reference Embodiment 6,
and contains red light-emitting component light emitted by the nitride phosphor and green light-emitting component light
emitted by the green phosphor as output light.

Reference Embodiment 8

[0208] As still another example of the light-emitting device , the phosphor layer of Reference Embodiment 6 or 7
further may contain a yellow phosphor activated with Eu2+ or Ce3+ and having an emission peak in a wavelength range
of 560 nm to less than 600 nm. The yellow phosphor is not particularly limited as long as it is excited with light emitted
by the light-emitting element described in Reference Embodiment 6, and emits light having an emission peak in a
wavelength range of 560 nm to less than 600 nm, preferably 565 nm to 580 nm.
[0209] For example, in the case of using a blue light-emitting element, a yellow phosphor whose excitation peak of
an excitation spectrum on a longest wavelength side is not in a wavelength range of 420 nm to less than 500 nm (i.e.,
a yellow phosphor whose excitation peak of an excitation spectrum on a longest wavelength side is in a wavelength
range of less than 420 nm) may be used.
[0210] The above-mentioned yellow phosphor corresponds to a phosphor having an internal quantum efficiency under
the excitation of light in a wavelength range of 360 nm to less than 500 nm (e.g., a (Sr, Ba)2SiO4:Eu2+ yellow phosphor
shown in FIG. 33, a (Sr, Ca)2SiO4:Eu2+ yellow phosphor shown in FIG. 34, a 0.75CaO·2.25 AlN·3.25 Si3N4:Eu2+ yellow
phosphor shown in FIG. 35), and a phosphor having a high internal quantum efficiency under the excitation of light in a
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wavelength range of 420 nm to less than 500 nm (e.g., a (Y, Gd)3Al5O12:Ce3+ yellow phosphor shown in FIG. 36). A
light-emitting device including at least a phosphor layer containing at least this phosphor and the above-mentioned light-
emitting element is preferable since it outputs light energy efficiently. This light-emitting device has a high emission
intensity of yellow light contained in output light and an enhanced color rendering property, and emits light, particularly
in mild color or warm color. Furthermore, yellow light has relatively high spectral luminous efficacy, and a high luminous
flux. In particular, depending upon the material design of the phosphor layer, it is possible to obtain output light having
a high color rendering property with Ra of at least 90.
[0211] It is further preferable to use, as the above-mentioned yellow phosphor, a nitride phosphor or an oxynitride
phosphor activated with Eu2+ (e.g., 0.75CaO·2.25AlN·3.25Si3N4:Eu2+, Ca1.5Al3Si9N16:Eu2+, CaSiAl2O3N2:Eu2+,
CaSi6AlON9:Eu2+), an alkaline-earth metal orthosilicate phosphor activated with Eu2+ (e.g., (Sr, Ba)2SiO4:Eu2+, (Sr,
Ca)2SiO4:Eu2+), a thiogallate phosphor activated with Eu2+ (e.g., CaGa2S4:Eu2+), and a phosphor having a garnet
configuration activated with Ce3+ (e.g., (Y, Gd)3Al5O12:Ce3+) since the internal quantum efficiency under the excitation
of the above-mentioned light-emitting element becomes high.
[0212] Thus, the light-emitting device includes a phosphor layer containing at least the nitride phosphor of Reference
Embodiment 6 and the yellow phosphor, and the light-emitting element of Reference Embodiment 6, and contains red
light-emitting component light emitted by the nitride phosphor and yellow light-emitting component light emitted by the
yellow phosphor in output light.

Reference Embodiment 9

[0213] As still another example of the light-emitting device , the phosphor layer described in any of Reference em-
bodiment Examples 6 to 8 further may contain a blue phosphor activated with Eu2+ and having an emission peak in a
wavelength range of 420 nm to less than 500 nm. The blue phosphor is not particularly limited as long as it is excited
with light emitted by the light-emitting element described in Reference Embodiment 6, and emits light having an emission
peak in a wavelength range of 420 nm to less than 500 nm, preferably 440 nm to 480 nm in terms of the color rendering
property and the output. In this case, the light-emitting element is not particularly limited as long as it is the one described
in Reference Embodiment 6; however, it is preferable to use a violet light-emitting element for the following reason. The
range of choices of a phosphor ingredient is extended, so that it is easy to design the color of light emitted by the light-
emitting device, and even when the wavelength position of light emitted by the light-emitting element varies depending
upon the driving condition such as the power for the light-emitting element, the influence on output light is small.
[0214] The above-mentioned blue phosphor corresponds to a phosphor having a high internal quantum efficiency
under the excitation of light in a wavelength range of 360 nm to less than 500 nm, preferably 360 nm to less than 420
nm (e.g., a BaMgAl10O17:Eu2+ blue phosphor shown in FIG. 37, a Sr4Al14O25:Eu2+ blue phosphor shown in FIG. 38, a
(Sr, Ba)10(PO4)6Cl2:Eu2+ blue phosphor shown in FIG. 39). A light-emitting device including at least a phosphor layer
containing this phosphor and the above-mentioned light-emitting element is preferable since it outputs light energy
efficiently. This light-emitting device has a high intensity of blue emission contained in output light, an enhanced color
rendering property, and a high luminous flux. In particular, depending upon the material design of the phosphor layer,
it is possible to obtain output light having a high color rendering property with Ra of at least 90, and it is possible to
obtain white output light close to the sunlight with all the special color rendering indexes R1 to R15 of at least 80,
preferably at least 85, and more preferably at least 90. For example, by using BaMgAl10O17:Eu2+, (Sr, Ba)10(PO4)6Cl2:
Eu2+, Ba3MgSi2O8:Eu2+, SrMgAl10O17:Eu2+, (Sr, Ca)10(PO4)6Cl2:Eu2+, Ba5SiO4Cl6:Eu2+, BaAl8O1.5:Eu2+, Sr10
(PO4)6Cl2:Eu2+, a blue phosphor, etc., output light having the above-mentioned high color rendering property and special
color rendering index can be obtained.
[0215] Furthermore, it is further preferable to use, as the above-mentioned blue phosphor, a nitride phosphor or an
oxynitride phosphor activated with Eu2+ (e.g., SrSiAl2O3N2:Eu2+), an alkaline-earth metal orthosilicate phosphor activated
with Eu2+ (e.g., Ba3MgSi2O8:Eu2+, Sr3MgSi2O8:Eu2+), an aluminate phosphor activated with Eu2+ (e.g., BaMgAl10O17:
Eu2+, BaAl8O13:Eu2+, Sr4Al14O25:Eu2+), and a halophosphate phosphor activated with Eu2+ (e.g., Sr10(PO4)6Cl2:Eu2+),
(Sr, Ca)10(PO4)6Cl2:Eu2+, (Ba, Ca, Mg)10(PO4)6Cl2:Eu2+), since the internal quantum efficiency under the excitation of
the above-mentioned light-emitting element becomes high.
[0216] In Reference Embodiment 6 to 9, in order to obtain a high luminous flux, it is preferable that the phosphor
contained in the above-mentioned phosphor layer does not substantially contain a phosphor other than the phosphor
activated with Eu2+ or Ce3+, and does not substantially contain an inorganic phosphor other than a nitride phosphor or
an oxynitride phosphor. The configuration that does not substantially contain a phosphor other than the phosphor
activated with Eu2+ or Ce3+ means that at least 90% by weight, preferably at least 95% by weight, and more preferably
at least 98% by weight of the phosphor contained in the phosphor layer is a phosphor activated with Eu2+ or Ce3+.
Furthermore, the configuration that does not substantially contain an inorganic phosphor other than a nitride phosphor
or an oxynitride phosphor means that at least 90% by weight, preferably at least 95% by weight, and more preferably
at least 98% by weight of the phosphor contained in the phosphor layer is a nitride phosphor or an oxynitride phosphor.
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The above-mentioned nitride phosphor or oxynitride phosphor holds a relatively high internal quantum efficiency even
at an operation temperature and an environmental temperature of 100˚C to 150˚C, and the peak of a wavelength of an
emission spectrum does not shift to a short wavelength side, for example, as in the above-mentioned alkaline-earth
metal orthosilicate phosphor or phosphor having a garnet configuration. Therefore, even when the power is increased
to enhance the intensity of excited light of the light-emitting device with the above configuration, or even when the light-
emitting device is used in a high temperature atmosphere, the emission color varies less, whereby stable output light is
obtained.
[0217] In order to obtain a light-emitting device emitting a high luminous flux, a phosphor having a lowest internal
quantum efficiency under the excitation of light emitted by the light-emitting element, among phosphors substantially
contained in the phosphor layer, is set to have an internal quantum efficiency (absolute value) of at least 80%, preferably
at least 85%, and more preferably at least 90%.

Reference Embodiment 10

[0218] Still another example of the light-emitting device includes a phosphor layer containing a phosphor and a light-
emitting element. The light-emitting element has an emission peak in a wavelength range of 360 nm to less than 500
nm, and the phosphor is excited with light emitted by the light-emitting element to emit light. The light-emitting device
contains at least light-emitting component light emitted by the phosphor as output light. Furthermore, the phosphor
contains a nitride phosphor or an oxynitride phosphor activated with Eu2+ and having an emission peak in a wavelength
range of 600 nm to less than 660 nm, and an alkaline-earth metal orthosilicate phosphor excited with Eu2+ and having
an emission peak in a wavelength range of 500 nm to less than 600 nm. Each internal quantum efficiency of these
phosphors under the excitation of light emitted by the light-emitting element is at least 80%.
[0219] As the light-emitting element, the same light-emitting element as that described in Reference Embodiment 6
can be used.
[0220] It is preferable that the output light contains light-emitting component light emitted by the light-emitting element.
In particular, in the case where the light-emitting element has an emission peak in a blue wavelength range, it is preferable
that light-emitting component light emitted by the phosphor and light-emitting component light emitted by the light-emitting
element are contained in output light, since white light having a higher color rendering property is obtained.
[0221] The above-mentioned nitride phosphor or oxynitride phosphor activated with Eu2+ corresponds to a phosphor
emitting light in a warm color having an emission peak in a wavelength range of 600 nm to less than 660 nm, preferably
red light having an emission peak in a wavelength range of 610 nm to 650 nm, and having a high internal quantum
efficiency under the excitation of light in a wavelength range of 360 nm to less than 500 nm. More specifically, a
nitridoaluminosilicate phosphor represented by a composition formula: (M1-xEux)AlSiN3 (e.g., a SrAlSiN3:Eu2+ red phos-
phor, a CaAlSiN3:Eu2+ red phosphor shown in FIG. 30), a nitridosilicate phosphor represented by a composition formula:
(M1-xEux)SiN2 (e.g., a SrSiN2:Eu2+ red phosphor or a CaSiN2:Eu2+ red phosphor shown in FIG. 29), a nitridosilicate
phosphor represented by a composition formula: (M1-xEux)2Si5N8 (e.g., a Sr2S15N8:Eu2+ red phosphor, a Ca2Si5N8:
Eu2+ red phosphor, or a Ba2Si5N8:Eu2+ red phosphor shown in FIG. 31), or an oxonitridoaluminosilicate phosphor
represented by a composition formula: (M1-xEux)2Si4AlON7 (e.g., a Sr2Si4AlON7:Eu2+ red phosphor) may be used. In
the above composition formula, "M" is at least one element selected from the group consisting of Mg, Ca, Sr, Ba, and
Zn, and "x" is a numerical value satisfying 0.005 ≤ x ≤ 0.3.
[0222] Furthermore, the above-mentioned alkaline-earth metal orthosilicate phosphor is activated with Eu2+ and has
an emission peak in a wavelength range of 500 nm to less than 600 nm, preferably 525 nm to less than 600 nm. More
specifically, the above-mentioned alkaline-earth metal orthosilicate phosphor corresponds to a green phosphor having
an emission peak in a wavelength range of 525 nm to less than 560 nm, more preferably 530 nm to 550 nm (e.g., a (Ba,
Sr)2SiO4:Eu2 green phosphor shown in FIG. 32), or a yellow phosphor having an emission peak in a wavelength range
of 560 nm to less than 600 nm (e.g., a (Sr, Ba)2SiO4:Eu2+ yellow phosphor shown in FIG. 33), a (Sr, Ca)2SiO4:Eu2+

yellow phosphor shown in FIG. 34), and having a high internal quantum efficiency under the excitation of light in a
wavelength range of 360 nm to less than 500 nm.
[0223] The above-mentioned phosphors have an internal quantum efficiency of at least 80%, preferably at least 85%,
and more preferably at least 90% under the excitation of light emitted by the light-emitting element. A light-emitting
device including at least a phosphor layer containing a phosphor having a high internal quantum efficiency as described
above and the above-mentioned light-emitting element can output light energy efficiently. Furthermore, a light-emitting
device configured using the above-mentioned nitride phosphor or oxynitride phosphor has a high intensity of a light-
emitting component in a warm color, and a special color rendering index R9 with a large numerical value.
[0224] Furthermore, the light-emitting device with the above-mentioned configuration does not use a sulfide phosphor
that has a problem in terms of the reliability, and uses an expensive nitride phosphor or oxynitride phosphor only as a
red phosphor, whereby a white light source with a high luminous flux and a high color rendering property can be provided,
and the cost of a light-emitting device such as a white light source can be reduced.
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[0225] The light-emitting device is not particularly limited, as long as it includes at least a phosphor layer containing
the above-mentioned nitride phosphor or oxynitride phosphor that is excited with Eu2+ to emit red light, and the above-
mentioned alkaline-earth metal orthosilicate phosphor activated with Eu2+, and the above-mentioned light-emitting el-
ement. For example, the light-emitting device of the present embodiment corresponds to the above-mentioned white
LED or the like.
[0226] In the present Reference Embodiment, the main component of the above-mentioned element "M" is set to be
Sr or Ca, since the nitride phosphor or oxynitride phosphor represented by the above-mentioned composition formula
has a satisfactory color tone and a high emission intensity. Setting the main component to be Sr or Ca means that at
least 50 atomic% of the element "M" is any one element of Sr and Ca. Furthermore, At least 80 atomic% of the element
"M" is any one element of Sr and Ca, and it is more preferable that all the atoms of the element "M" is any one element
of Sr and Ca.
[0227] Furthermore, it is preferable to use the above-mentioned injection type electroluminescence element as the
above-mentioned light-emitting element, since such an element emits strong output light.
[0228] As the above-mentioned alkaline-earth metal orthosilicate phosphor, a green phosphor activated with Eu2+

and having an emission peak in a wavelength range of 500 nm to less than 560 nm, preferably 525 nm to less than 560
nm, and more preferably 530 nm to 550 nm (e.g., (Ba, Sr)2SiO4:Eu2+, (Ba, Ca)2SiO4:Eu2) is used. A light-emitting device
using this green phosphor has a high emission intensity of green light contained in output light, and an enhanced color
rendering property. Furthermore, green light has high spectral luminous efficacy and a higher luminous flux. In particular,
depending upon the combination of phosphors contained in the phosphor layer, it is possible to obtain output light having
a high color rendering property with Ra of at least 90.
[0229] Furthermore, it is preferable to use, as the above-mentioned alkaline-earth metal orthosilicate phosphor, a
yellow phosphor activated with Eu2+ and having an emission peak in a wavelength range of 560 nm to less than 600
nm, preferably 565 nm to 580 nm (e.g., (Sr, Ba)2SiO4:Eu2+). A light-emitting device using this yellow phosphor has a
high emission intensity of yellow light contained in output light, and an enhanced color rendering property. In particular,
a light-emitting device emitting light in mild color or warm color can be provided. Furthermore, yellow light has relatively
high spectral luminous efficacy and a high luminous flux. In particular, depending upon the material design of the phosphor
layer, it is possible to obtain output light with Ra of at least 90 and a high color rendering property. Furthermore, it also
is preferable to use a (Sr, Ca)2SiO4:Eu2+ yellow phosphor, or the light emitting fluorescence close to that of the above-
mentioned yellow phosphor.
[0230] In the present reference embodiment, a nitride phosphor or an oxynitride phosphor is not substantially contained
as a phosphor other than the above-mentioned red phosphor contained in the above-mentioned phosphor layer. Because
of this, the amount of a nitride phosphor or an oxynitride phosphor used in a light-emitting device can be minimized, and
the production cost of the light-emitting device can be reduced. Furthermore, it is preferable that a sulfide phosphor is
not substantially contained as a phosphor other than the above-mentioned red phosphor contained in the above-men-
tioned phosphor layer. This can enhance the reliability of a light-emitting device, and for example, a light-emitting device
with less change (e.g., degradation) with time can be provided.
[0231] Even in Reference Embodiment 10, it is preferable that the phosphor contained in the above-mentioned phos-
phor layer does not substantially contain a phosphor other than the phosphor activated with Eu2+ or Ce3+ so as to obtain
a high luminous flux. Furthermore, it is preferable that the internal quantum efficiency of a phosphor having a lowest
internal quantum efficiency under the excitation of light emitted by a light-emitting element, among the phosphors sub-
stantially contained in the phosphor layer, is at least 80%.
[0232] Hereinafter, light-emitting devices of Embodiments 6 to 10 will be described with reference to FIGS. 1 to 12.
[0233] FIGS. 1, 2, and 3 are cross-sectional views of semiconductor light-emitting devices showing examples of the
light-emitting device .
[0234] FIG. 1 shows a semiconductor light-emitting device having a configuration in which at least one light-emitting
element 1 is mounted on a submount element 4, and the light-emitting element 1 is sealed with a base material that
also functions as a phosphor layer 3 containing a phosphor composition 2. FIG. 2 shows a semiconductor light-emitting
device having a configuration in which at least one light-emitting element 1 is mounted on a cup 6 provided at a mount
lead of a lead frame 5, the phosphor layer 3 containing the phosphor composition 2 is provided in the cup 6, and the
entire body is sealed with a sealant 7 made of resin or the like. FIG. 3 shows a semiconductor light-emitting element of
a chip type having a configuration in which at least one light-emitting element 1 is mounted in a housing 8, and the
phosphor layer 3 containing the phosphor composition 2 is provided.
[0235] In FIGS. 1 to 3, the light-emitting element 1 is a photoelectric transducer for converting electric energy into
light, and is not particularly limited as long as it emits light having an emission peak in a wavelength range of 360 nm
to less than 500 nm, preferably 380 nm to less than 420 nm or 440 nm to less than 500 nm, and more preferably 395
nm to 415 nm or 450 nm to 480 nm. For example, an LED, an LD, a surface-emitting LD, an inorganic EL element, an
organic EL element, or the like may be used. In particular, in order to increase the output of a semiconductor light-
emitting element, an LED or a surface-emitting LED is preferable.
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[0236] In FIGS. 1 to 3, the phosphor layer 3 is configured by dispersing, as the phosphor composition 2, at least a
nitride phosphor represented by a composition formula: (M1-xEux)AlSiN3 where "M" is at least one element selected
from the group consisting of Mg, Ca, Sr, Ba, and Zn, and "x" is a numerical value satisfying 0.005 ≤ x 0.3.
[0237] There is no particular limit on a material used for the base material of the phosphor layer 3, and in general,
transparent resin such as epoxy resin or silicone resin, low-melting glass, or the like may be used. In order to provide
a light-emitting device having less decrease in emission intensity with the passage of an operation time, the above-
mentioned base material is preferably silicone resin or a translucent inorganic material such as low-melting glass, and
more preferably the above-mentioned translucent inorganic material. For example, in the case of using the transparent
resin for the base material of the phosphor layer 3, the content of a nitride phosphor is preferably 5 to 80% by weight,
and more preferably 10 to 60% by weight. The nitride phosphor contained in the phosphor layer 3 absorbs a part or an
entirety of light emitted by the light-emitting element 1 to convert it into red light. Therefore, light-emitting component
light emitted by the nitride phosphor is contained as output light of the semiconductor light-emitting device.
[0238] Furthermore, in the case where the phosphor layer 3 contains at least a nitride phosphor represented by a
composition formula: (M1-xEux)AlSiN3 as the phosphor composition 2, the phosphor layer 3 further may contain a
phosphor other than the nitride phosphor. For example, when the above-mentioned alkaline-earth metal orthosilicate
phosphor, nitride phosphor, oxynitride phosphor, aluminate phosphor, halophosphate phosphor, thiogallate phosphor,
and the like, activated with Eu2+ or Ce3+ and having a high internal quantum efficiency under the excitation of light in a
wavelength range of 360 nm to less than 500 nm are used in the following phosphor layers (1) to (6), and a violet light-
emitting element having an emission peak in a wavelength range of 360 nm to less than 420 nm is used as the light-
emitting element 1, a phosphor is excited with light emitted by the light-emitting element 1 at a high efficiency, whereby
a semiconductor light-emitting element is obtained, which emits white light, for example, owing to the color mixture and
the like of light emitted by a plurality of phosphors.

(1) A phosphor layer containing a blue phosphor emitting light having an emission peak in a wavelength range of
420 nm to less than 500 nm, preferably 440 am to less than 500 nm, a green phosphor emitting light having an
emission peak in a wavelength range of 500 nm to less than 560 nm, preferably 510 nm to 550 nm, a yellow phosphor
emitting light having an emission peak in a wavelength range of 560 nm to less than 600 nm, preferably 565 nm to
580 nm, and the above-mentioned nitride phosphor.
(2) A phosphor layer containing a blue phosphor emitting light having an emission peak in a wavelength range of
420 nm to less than 500 nm, preferably 440 nm to less than 500 nm, a green phosphor emitting light having an
emission peak in a wavelength range of 500 nm to less than 560 nm, preferably 510 nm to 550 nm, and the above-
mentioned nitride phosphor.
(3) A phosphor layer containing a blue phosphor emitting light having an emission peak in a wavelength range of
420 nm to less than 500 nm, preferably 440 nm to less than 500 nm, a yellow phosphor emitting light having an
emission peak in a wavelength range of 560 nm to less than 600 nm, preferably 565 nm to 580 nm, and the above-
mentioned nitride phosphor.
(4) A phosphor layer containing a green phosphor emitting light having an emission peak in a wavelength range of
500 nm to less than 560 nm, preferably 525 nm to less than 560 nm, a yellow phosphor emitting light having an
emission peak in a wavelength range of 560 nm to less than 600 nm, preferably 565 nm to 580 nm, and the above-
mentioned nitride phosphor.
(5) A phosphor layer containing the above-mentioned yellow phosphor and the above-mentioned nitride phosphor.
(6) A phosphor layer containing the above-mentioned green phosphor and the above-mentioned nitride phosphor.
Furthermore, when the above-mentioned phosphors are used in the following phosphor layers (7) to (9), and a blue
light-emitting element having an emission peak in a wavelength range of 420 nm to less than 500 nm is used as
the light-emitting element 1, a semiconductor light-emitting device is obtained that emits white light owing to the
color mixture of light emitted by the light-emitting element 1 and light emitted by the phosphors, etc.
(7) A phosphor layer containing a green phosphor emitting light having an emission peak in a wavelength range of
500 nm to less than 560 nm, preferably 525 nm to less than 560 nm, a yellow phosphor emitting light having an
emission peak in a wavelength range of 560 nm to less than 600 nm, preferably 565 nm to 580 nm, and the above-
mentioned nitride phosphor.
(8) A phosphor layer containing the yellow phosphor and the above-mentioned nitride phosphor.
(9) A phosphor layer containing the green phosphor and the above-mentioned nitride phosphor.

[0239] In the case of using a blue light-emitting element as the light-emitting element, the green phosphor and the
yellow phosphor can be widely selected from not only an alkaline-earth metal orthosilicate phosphor activated with Eu2+,
a nitride phosphor activated with Eu2+, and an oxynitride phosphor, but also a phosphor (in particular, a YAG:Ce phosphor)
having a garnet configuration activated with Ce3+, a thiogallate phosphor activated with Eu2+, and the like. More spe-
cifically, a SrGa2S4:Eu2+ green phosphor, a Y3(Al, Ga)5O12:Ce3+ green phosphor, a Y3Al5O12:Ce3+ green phosphor, a
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BaY2SiAl4O12:Ce3+ green phosphor, a Ca3Sc2Si3O12:Ce3+ green phosphor, a (Y, Gd)3Al5O12:Ce3+ yellow phosphor,
a Y3Al5O12:Ce3+, Pr3+ yellow phosphor, a CaGa2S4:Eu3+ yellow phosphor, or the like can be used.
[0240] Alternatively, in FIGS. 1 to 3, the phosphor layer 3 is configured by at least dispersing, as the phosphor
composition 2, a nitride phosphor or an oxynitride phosphor activated with Eu2+ and having an emission peak in any
wavelength range of 500 nm to less than 560 nm or 560 nm to less than 600 nm.
[0241] Regarding the phosphor layer 3, the above-mentioned base material may be used. Furthermore, the phosphor
composition 2 contained in the phosphor layer 3 absorbs a part or an entirety of light emitted by the light-emitting element
1 to convert it into light. Therefore, the output light of the semiconductor light-emitting device contains at least light-
emitting component light emitted by a nitride phosphor or an oxynitride phosphor, and light-emitting component light
emitted by an alkaline-earth metal orthosilicate phosphor.
[0242] Furthermore, even in the case where the phosphor layer 3 contains, as the phosphor composition 2, a nitride
phosphor or an oxynitride phosphor that is activated with Eu2+ to emit red light, and an alkaline-earth metal orthosilicate
phosphor that is activated with Eu2+ and has an emission peak in any wavelength range of 500 nm to less than 560 nm
or 560 nm to less than 600 nm, the phosphor layer 3 further may or may not contain the above-mentioned nitride phosphor
or oxynitride phosphor, and a phosphor other than an alkaline-earth metal orthosilicate phosphor.
[0243] For the purpose of reducing the used amount of the nitride phosphor or the oxynitride phosphor, and the sulfide
phosphor, it is preferable that the phosphor layer does not contain a nitride phosphor or an oxynitride phosphor other
than the above and a sulfide phosphor.
[0244] For example, if the above-mentioned aluminate phosphor, halophosphate phosphor, etc. activated with Eu2+

or Ce3+ and having a high internal quantum efficiency under the excitation of a wavelength range of 360 nm to less than
500 nm, and the above-mentioned phosphor layers (1) to (6) are used in combination, a phosphor is excited with light
emitted by the light-emitting element at a high efficiency, whereby a semiconductor light-emitting device emits white
light owing to the color mixture of light emitted by a plurality of phosphors. Furthermore, if the above-mentioned aluminate
phosphor, halophosphate phosphor, etc. and the above-mentioned phosphor layers (7) to (9) are used in combination,
a semiconductor light-emitting device emits white light owing to the color mixture of light emitted by the light-emitting
element 1 and light emitted by the phosphor.
[0245] The semiconductor light-emitting device uses a phosphor having an external quantum efficiency under the
excitation of the blue light-emitting element that is not necessarily high and a high internal quantum efficiency. Therefore,
for example, in the case of obtaining desired white light by the color mixture of light emitted by the blue light-emitting
element and light emitted by the phosphor, a relatively large amount of the phosphor is required. Thus, in order to obtain
desired white light, it is necessary to increase the thickness of a phosphor layer. On the other hand, when the thickness
of the phosphor layer increases, there is an advantage that a light-emitting device with less color irregularity of white
light is obtained.
[0246] It is preferable that the phosphor layer 3 is composed of a plurality of layers or a multi-layered configuration,
and a part of the phosphor layer 3 contains the above-mentioned nitride phosphor or oxynitride phosphor, since color
blur and output blur of emitted light of the semiconductor light-emitting device can be suppressed.
[0247] A nitride phosphor or an oxynitride phosphor containing Eu2+ as a luminescent center ion absorbs blue, green,
and yellow visible light to convert it into red light. Therefore, when the phosphor layer 3 containing the above-mentioned
nitride phosphor or oxynitride phosphor is formed by mixing a blue phosphor, a green phosphor, or a yellow phosphor,
and the above-mentioned nitride phosphor or oxynitride phosphor, the phosphor layer 3 absorbs light emitted by the
blue, green, or yellow phosphor, whereby the nitride phosphor or oxynitride phosphor emits red light. Therefore, it
becomes difficult to control the emission color of the light-emitting device for the reason in terms of production steps of
a phosphor layer. In order to solve this problem, it is preferable that the phosphor layer 3 is composed of a plurality of
layers or a multi-layered configuration, and the layer closest to a principal light output surface of the light-emitting element
1 is made of a nitride phosphor or an oxynitride phosphor emitting red light, whereby the phosphor layer 3 is made
unlikely to be excited with light emitted by the blue, green, or yellow phosphor. Furthermore, the yellow phosphor activated
with Eu2+ or Ce3+ is excited with blue light or green light, and the above-mentioned green phosphor activated with Eu2+

or Ce3+ is excited with blue light. Therefore, in the case where the phosphor layer 3 is formed by mixing a plurality of
kinds of phosphors having different emission colors, the same problem as the above may arise. In order to solve this
problem, in the semiconductor light-emitting device, it is preferable that the phosphor layer 3 is composed of a plurality
of layers or a multi-layered configuration, and the layer farthest from the principal light output surface of the light-emitting
element 1 is made of a phosphor emitting light with a short wavelength.
[0248] The semiconductor light-emitting device includes at least the above-mentioned light-emitting element, and a
phosphor layer having a high internal quantum efficiency under the excitation of the light-emitting element and containing
at least a nitride phosphor or an oxynitride phosphor that converts excited light into red light efficiently, and provides,
as output light, at least red light-emitting component light emitted by the nitride phosphor or oxynitride phosphor. The
semiconductor light-emitting device satisfies both a high luminous flux and a high color rendering property, and in
particular, emits white light in a warm color. In the case where the light-emitting element is a blue light-emitting element,
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the output light further contains light-emitting component light emitted by the light-emitting element.
[0249] FIGS. 4 and 5 are schematic views showing configurations of illumination display devices showing examples
of the light-emitting device . FIG. 4 shows an illumination · display device configured using at least one semiconductor
light-emitting device 9 in which the phosphor layer 3 containing the above-mentioned phosphor composition 2 is combined
with the light-emitting element 1, and output light 10 thereof. FIG. 5 shows an illumination · display device in which at
least one light-emitting element 1 is combined with the phosphor layer 3 containing the above-mentioned phosphor
composition 2, and output light 10 thereof. The same light-emitting element 1 and the phosphor layer 3 as those of the
semiconductor light-emitting device described above can be used. Furthermore, the function, effect, and the like of the
illumination · display device with such a configuration also are the same as those in the case of a semiconductor light-
emitting device described above.
[0250] FIGS. 6 to 12 show specific examples incorporating the illumination · display devices that are the reference
embodiments of the light-emitting device schematically shown in FIGS. 4 and 5. FIG. 6 is a perspective view of an
illumination module 12 having an integrated light-emitting portion 11. FIG. 7 is a perspective view of the illumination
module 12 having a plurality of light-emitting portions 11. FIG. 8 is a perspective view of a table lamp type illumination
device having a light-emitting portion 11 and being capable of controlling the ON-OFF and light amount with a switch
13. FIG. 9 is a side view of an illumination device as a light source configured using a screw cap 14, a reflective plate
15, and an illumination module 12 having a plurality of light-emitting portions 11. FIG. 10 is a bottom view of the illumination
device shown in FIG. 9. FIG. 11 is a perspective view of a plate type image display device provided with the light-emitting
portions 11. FIG. 12 is a perspective view a segmented number display device provided with the light-emitting portions 11.
[0251] The illumination· display device of the present reference embodiment is configured using a phosphor having
a high internal quantum efficiency under the excitation of the light-emitting element, in particular, using a semiconductor
light-emitting device with high intensity of a red light-emitting component and a satisfactory color rendering property.
Therefore, the illumination · display device satisfies a high luminous flux, and in particular a high color rendering property
with a high intensity of a red light-emitting component, which are excellent relative to those of the conventional illumination
· display device.
[0252] As described above, by combining at least the above-mentioned nitride phosphor represented by a composition
formula: (M1-xEux)AlSiN3, with the light-emitting element, a light-emitting device that satisfies both a high luminous flux
anda highcolor rendering property, inparticular, a light-emitting device emitting white light in awarm color can be provided.
[0253] Furthermore, by combining at least a nitride phosphor or an oxynitride phosphor having an emission peak in
a wavelength range of 600 nm to less than 660 nm, an alkaline-earth metal orthosilicate phosphor having an emission
peak in a wavelength range of 500 nm to less than 600 nm, and the light-emitting element, a light-emitting device
satisfying both a high luminous flux and a high color rendering property, in particular, a light-emitting device emitting
white light in a warm color can be provided.
[0254] Hereinafter, the light-emitting device will be described in detail by way of examples.

Reference Example 26

[0255] In the present example, a card-type illumination module light source shown in FIG. 41 was produced as a light-
emitting device, and the emission characteristics thereof were evaluated. FIG. 42 is a partial cross-sectional view of
FIG. 41.
[0256] First, a method for producing a semiconductor light-emitting device 44 will be described. A blue LED chip 49
emitting light having an emission peak in the vicinity of 470 nm was mounted as a GaInN light-emitting layer on paired
n-electrode 46 and p-electrode 47 of respective Si diode elements (submount elements) 45 formed in a matrix on an n-
type Si wafer via a micro-bump 48.
[0257] The blue LED chip 49 was mounted on the respective Si diode elements 45 formed in a matrix, and consequently,
the blue LED chips 49 also were mounted in a matrix.
[0258] Then, the n-electrode 46 and the p-electrode 47 were connected to an n-electrode and a p-electrode of each
blue LED chip 49. Thereafter, the phosphor layer 3 containing the phosphor composition 2 was formed on the periphery
of the blue LED chip 49 using a printing technique. Furthermore, the upper surface of the phosphor layer 3 was flattened
by polishing, and then, cut to be separated with a diamond cutter to form a semiconductor light-emitting device 44.
[0259] Next, a first insulating thick film 51 (thickness: 75 mm), a copper electrode 52 (thickness: about 10 mm, width:
0.5 mm), a second insulating thick film 53 (thickness: 30 mm), and electrode pads 54a and 54b (thickness: about 10
mm, 64 pairs in total) were laminated successively on an aluminum metal substrate 50 (size: 3 cm x 3 cm, thickness: 1
mm), whereby a radiating multi-layered substrate 55 was formed. The first insulating thick film 51 and the second
insulating thick film 53 were made of alumina-dispersed epoxy resin formed by thermocompression bonding. Furthermore,
the copper electrode 52 was patterned by etching, and the electrode pads 54a and 54b were positive and negative
electrodes for supplying power formed by etching. A contact hole was provided in a part of the second insulating thick
film 53, and the electrode pads 54a and 54b were formed so as to supply a current through the copper electrode 52.
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[0260] Next, the semiconductor light-emitting device 44 was disposed at a predetermined position on the radiating
multi-layered substrate 55. At this time, a reverse electrode (n-electrode) 56 of the Si diode element 45 was attached
to the electrode pad 54a with an Ag paste, and a bonding pad portion 58 on the p-electrode 47 was connected to the
electrode pad 54b with an Au wire 57, whereby a current can be supplied to the semiconductor light-emitting device 44.
[0261] Next, an aluminum metal reflective plate 59 having a ground hole in the shape of a reverse conical tube was
attached to the radiating multi-layered substrate 55 with an adhesive. At this time, the semiconductor light-emitting
device 44 on the radiating multi-layered substrate 55 was formed so as to be housed in the ground hole of the aluminum
metal reflective plate 59. Furthermore, a dome-shaped lens 60 using epoxy resin was formed so as to cover the semi-
conductor light-emitting device 44 and the entire ground hole, whereby the light-emitting device of Example 26 was
obtained.
[0262] FIG. 41 is a perspective view of the light-emitting device of Example 26. In Reference Example 26, a card-type
illumination module light source was produced using 64 semiconductor light-emitting devices 44, and the emission
characteristics thereof were evaluated.
[0263] In Reference Example 26, a current of about 40 mA (about 80 mAin total) was allowed to flow through two
semiconductor light-emitting device groups each having 32 semiconductor light-emitting devices 44 connected in series
to the copper electrodes 52, whereby the semiconductor light-emitting devices 44 were driven to obtain output light. The
output light is a color mixture of light emitted by the blue LED chip 49 and light emitted by a phosphor contained in the
phosphor layer 3, which is excited with the light emitted by the blue LED chip to emit light. Furthermore, arbitrary white
light was obtained as the output light by appropriately selecting the kind and amount of an LED chip and a phosphor.
[0264] Hereinafter, the phosphor layer 3 will be described.
[0265] The phosphor layer 3 was formed by hardening epoxy resin with a phosphor added thereto by drying. In
Reference Example 26, two kinds of phosphors were used: a SrAlSiN3:Eu2+ red phosphor (center particle diameter: 2.2
mm, maximum internal quantum efficiency: 60%) having an emission peak in the vicinity of a wavelength of 625 nm and
a (Ba, Sr)2SiO4:Eu2+ green phosphor (center particle diameter: 12.7 mm, maximum internal quantum efficiency: 91%)
having an emission peak in the vicinity of a wavelength of 555 nm. As the epoxy resin, epoxy resin (main agent) mainly
containing bisphenol A type liquid epoxy resin and two-solution mixed epoxy resin of epoxy resin (curing agent) mainly
containing an alicyclic acid anhydride. The SrAlSiN3:Eu2+ red phosphor and the (Ba, Sr)2SiO4:Eu2+ green phosphor
were mixed in a weight ratio of about 1:10, and the mixed phosphor and the epoxy resin were mixed in a weight ratio
of about 1:3 (phosphor concentration = 25% by weight).

Comparative Example 6

[0266] A card-type illumination module light source was produced in the same way as in Reference Example 26, using
two kinds of phosphors: a Sr2Si5N8:Eu2+ red phosphor (center particle diameter: 1.8 mm, maximum internal quantum
efficiency: 62 %) having an emission peak in the vicinity of a wavelength of 625 nm; and a Y3Al5O12:Ce3+ yellow phosphor
(center particle diameter: 17.6 mm, maximum internal quantum efficiency: 98%) having an emission peak in the vicinity
of a wavelength of 560 nm. The phosphor layer 3 was obtained by mixing a Sr2Si5N8:Eu2+red phosphor with a Y3Al5O12:
Ce3+ yellow phosphor in a weight ratio of about 1:6, and mixing the mixed phosphor thus obtained with epoxy resin in
a weight ratio of about 1:14 (phosphor concentration = 6.7% by weight). In the same way as in Reference Example 26,
output light was obtained by allowing a current to flow through the semiconductor light-emitting device, and the emission
characteristics thereof were evaluated.
[0267] The thickness of the phosphor layer 3 was set to be about 500 mm in Example 26, and about 100 mm in
Comparative Example 6, in order to obtain white light with equal light color (relative color temperature: about 3800 K,
duv, chromaticity). The emission characteristics of the SrAlSiN3:Eu2+ red phosphor in Reference Example 26 were
originally similar to those of the Sr2Si5N8:Eu2+ red phosphor in Comparative Example 6. For the purpose of further
enhancing the comparison precision, as the phosphor of Reference Example 26, a green phosphor having emission
performance that is as similar as possible to that of Comparative Example 6 was used. The (Ba, Sr)2SiO4:Eu2+ green
phosphor in Reference Example 26 and the (Ba, Sr)2SiO4:Eu2+ green phosphor shown in FIG. 32 are different from
each other in an atomic ratio of Sr and Ba, but similar to each other in excitation wavelength dependency of an internal
quantum efficiency and an external quantum efficiency.
[0268] Hereinafter, the emission characteristics of the light-emitting devices of Reference Example 26 and Comparative
Example 6 will be described.
[0269] FIGS. 43 and 44 respectively show emission spectra in Example 26 and Comparative Examples 6. As is
apparent from FIGS. 43 and 44, the light-emitting devices of Reference Example 26 and Comparative Example 6 have
similar emission spectra, and emit white light having an emission peak in the vicinity of 470 nm and 600 nm, i.e., white
light owing to the color mixture of blue light and yellow light.
[0270] Table 8 shows emission characteristics of the light-emitting devices of Reference Example 26 and Comparative
Example 6
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[0271] In Table 8, "duv" represents an index showing a shift of white light from a blackbody radiation path. "Ra"
represents an average color rendering index, and "R9" represents a red special color rendering index, which show how
faithfully test light reproduces test color, with the color seen in reference light being 100.
[0272] Under the condition of substantially equal light color (correlated color temperature, duv, and chromaticity),
irrespective of using a (Ba, Sr)2SiO4:Eu2+ green phosphor having low emission intensity under the illumination of light
of 470 nm, Ra, R9, and luminous flux in Reference Example 26 were substantially similar to those in Comparative
Example 6. That is, it was found that the emission performance in Reference Example 16 was equal to that in Comparative
Example 6 (conventional light-emitting device satisfying both a high color rendering property and a high luminous flux).
The reason for this is considered as follows: the internal quantum efficiency of the phosphor used in Reference Example
26 under the irradiation of light emitted by the blue LED is high, the light emitted by the blue LED absorbed by the
phosphor is converted efficiently to emit light, and light emitted by the blue LED that has not been absorbed is output
efficiently
[0273] The correlated color temperature of the light-emitting device can be adjusted arbitrarily by varying the concen-
tration of the phosphor and the thickness of the phosphor layer. The emission characteristics such as a color rendering
index and a luminous flux can be evaluated by simulation, in the case where a phosphor layer is configured using at
least one phosphor having a predetermined spectral distribution and a predetermined internal quantum efficiency, and
a base material such as resin with a transmittance of 100%, and a light-emitting device is configured using a light-emitting
element with a constant output having a predetermined spectral distribution, and the correlated color temperature of
output light is varied. When only a color rendering index is evaluated, the numerical value of an internal quantum efficiency
may not be necessary, and the evaluation by simulation can be performed only with the spectral distribution of a phosphor
and a light-emitting element. In order to investigate the light color satisfying both the high color rendering property and
the high luminous index of the above-mentioned light-emitting devices, Ra and the behavior of a relative luminous flux
of white light emitted by the light-emitting devices Reference of Example 26 and Comparative Example 6 were evaluated
by simulation, in the case of varying the correlated color temperature with duv being set to be 0.
[0274] FIG. 45 shows the results obtained by evaluating, by simulation, the relative luminous flux of white light emitted
by the light-emitting devices of Example 26 and Comparative Example 6 in the case of varying a correlated color
temperature. It is understood from FIG. 45 that similar behaviors were exhibited in Reference Example 26 and Com-
parative Example 6. That is, in the case of producing a light-emitting device with a correlated color temperature of white
light of 3000 K to 6000 K, preferably 3500 K to 5000 K, Reference Example 26 exhibits a relatively high luminous flux
corresponding to 95 to 100% of a luminous flux in the case of setting the correlated color temperature in Comparative
Example 6 to be 3797K. The luminous flux in the case of setting the correlated color temperature in Comparative Example
6 to be 3797K is represented by a solid line in FIG. 45.
[0275] Furthermore, FIG. 46 shows the results obtained by evaluating, by simulation, the relative luminous flux of
white light emitted by the light-emitting devices of Reference Example 26 and Comparative Example 6 in the case of
varying a correlated color temperature. It is understood that relatively high numerical values Ra of at least 80 were
exhibited in Reference Example 26 and Comparative Example 6 in the case of producing a light-emitting device with a
correlated color temperature of white light of 2000 K to 5000 K, preferably 2500 K to 4000 K.
[0276] It is understood from FIGS. 45 and 46 that, Reference Example 26 and Comparative Example 6, in the case
of producing a light-emitting device with a correlated color temperature of white light of 3000 K to 5000 K, preferably
3000 K to 4500 K, and more preferably 3500 K to 4000 K, a light-emitting device satisfying both a high luminous flux
and high Ra is obtained.

Table 8

Reference Example 26 Comparative Example 6

Correlated color temperature (K) 3800 3797

duv 0 -0.02

Chromaticity (x, y) (0.3897, 0.3823) (0.3898, 0.3823)

Ra 83 83

R9 31 33

Relative luminous flux 98.7 100
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Reference Example 27

[0277] A light-emitting device in which a correlated color temperature was varied with duv being set to be 0 was
configured in the same way as in Reference Example 26, except that the (Ba, Sr)2SiO4:Eu2+ green phosphor was
changed from a phosphor having an emission peak in the vicinity of a wavelength of 555 nm to a phosphor having an
emission peak in the vicinity of a wavelength of 535 nm.
[0278] FIG. 47 shows the results obtained by evaluating Ra of white light emitted in Reference Example 27 by simu-
lation. It is understood from FIG. 47 that a light-emitting device with a lower correlated color temperature exhibits higher
Ra. In the case of producing a light-emitting device emitting white light with a correlated color temperature of 2000 K to
5000 K, Ra is at least 80. Furthermore, in the case of a correlated color temperature 3000 K or less, Ra is at least 90.
[0279] FIG. 48 shows the results obtained by evaluating R9 of white light emitted by Reference Example 27 by
simulation. The following is understood from FIG. 48. In the case of producing a light-emitting device emitting white light
with a correlated color temperature of 2000 K to 8000 K, R9 exhibits a high numerical value of at least 40. In the case
of producing a light-emitting device emitting white light with a correlated color temperature of 2500 K to 6500 K, R9
exhibits a numerical value of about at least 60. In the case of producing a light-emitting device emitting white light with
a correlated color temperature of 3000 K to 5000 K, R9 exhibits a numerical value of about at least 80.
[0280] FIG. 49 shows the results obtained by evaluating, by simulation, a relative luminous flux of white light emitted
by the light-emitting device of Reference Example 27 in the case of varying a correlated color temperature. The following
is understood from FIG. 49. In the case of producing a light-emitting device with a correlated color temperature of white
light of 2500 K to 8000 K, preferably 3000 K to 5000 K, and more preferably 3500 K to 4500 K, in Reference Example
27, a relatively high luminous flux is exhibited, which corresponds to 82% to 85% of the luminous flux in the case where
the correlated color temperature in Comparative Example 6 is set to be 3797 K. The luminous flux in the case of setting
the correlated color temperature of Comparative Example 6 to be 3797 K is represented by a solid line in FIG. 49.
[0281] It is understood from FIGS. 47 to 49 that the light-emitting device of Reference Example 27 emits output light
with a high color rendering property, which has Ra and R9 of at least 80 and realizes a high luminous flux, in the case
where the correlated color temperature is 3000 K to 5000 K. Furthermore, the light-emitting device of Reference Example
27 emits output light with a preferable color rendering property, which has Ra and R9 of at least 82 and realizes a high
luminous flux, in the case where the correlated color temperature is 3500 K to 4500 K. In particular, in the case where
the correlated color temperature is about 4000 K, the light-emitting device emits output light with a more preferable color
rendering property, which has Ra and R9 of at least 85 and realizes a higher luminous flux.
[0282] FIG. 50 shows die simulation data of an emission spectrum of the light-emitting device of Reference Example
27 emitting white light in a warm color with a particularly preferable correlated color temperature of 4000 K (duv = 0). In
the case of this emission spectrum, chromaticity (x, y) is (0.3805, 0.3768), and Ra and R9 are 86 and 95, respectively.
The shape of the emission spectrum represents a ratio in intensity of an emission peak in a wavelength range of 460
to 480 nm by a blue LED, an emission peak in a wavelength range of 520 to 550 nm by the green phosphor of Reference
Example 27 emitting light based on a 5d-4f electron transition of rare earth ions, and an emission peak in a wavelength
range of 610 to 640 nm by the red phosphor of Reference Example 27 emitting light based on 5d-4f electron transition
of rare earth ions (i.e., 460-480 nm : 520-550 nm : 610-640 nm is 24-28 : 12-15 : 16-20). One Reference embodiment
is a light-emitting device that emits white light in a warm color having an emission spectrum shape in which an emission
peak has the above-mentioned ratio. The phosphor emitting light based on 5d-4f electron transition of rare earth ions
refers to a phosphor mainly containing rare earth ions such as Eu2+ or Ce3+ as a luminescent center ion. Such a phosphor
has a similar emission spectrum shape irrespective of the kind of a phosphor host in the case where the wavelength of
an emission peak is the same.
[0283] Furthermore, the following was found by simulation. In the case of changing the green phosphor of Reference
Example 26 to the (Ba, Sr)2SiO4:Eu2+ green phosphor having an emission peak in a wavelength range of 520 to 550
nm, and further adding the (Sr, Ba)2SiO4:Eu2+ yellow phosphor having an emission peak in a wavelength range of 560
to 580 nm, a light-emitting device with a high color rendering property is obtained. For example, at output light with a
correlated color temperature of 3800 K, duv = 0, and chromaticity (0.3897, 0.3823), Ra was 88, R9 was 72, and a relative
luminous flux was 93%.
[0284] The relationship between the correlated color temperature, Ra, R9, and the relative luminous flux was evaluated
by simulation under the light color condition where duv = 0, in the case where the green phosphor of Reference Example
26 was changed to a (Ba, Sr)2SiO4:Eu2+ green phosphor having an emission peak in a shorter wavelength range of
520 nm, for example. Consequently, it was found that a light-emitting device with a shorter wavelength of an emission
peak of a green phosphor has lower numerical values of Ra, R9, and relative luminous flux, and the performance as
the illumination device decreases. For example, in the case of using a green phosphor having an emission peak in a
wavelength of 520 nm, at a correlated color temperature of 3800 K, duv = 0, and chromaticity (0.3897, 0.3823), Ra was
80, R9 was 71, and the relative luminous flux was 85%. Thus, it is preferable to use a green phosphor with a wavelength
of at least 525 nm of an emission peak.
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[0285] In Reference Examples 26 and 27, the SrAlSiN3:Eu2+ red phosphor was used. However, there is no particular
limit thereto, as long as the phosphor is a red phosphor represented by a composition formula: (M1-xEux)AlSiN3, where
"M" is at least one element selected from the group consisting of Mg, Ca, Sr, Ba, and Zn, and "x" is a numerical value
satisfying 0.005 ≤ x ≤ 0.3. For example, the same functional effect is recognized even in the CaAlSiN3:Eu2+ red phosphor.
[0286] Furthermore, even in the case of using, for example, a known nitride phosphor or oxynitride phosphor exhibiting
similar emission characteristics (e.g., a nitridosilicate phosphor represented by a composition formula: (M1-xEux)SiN2
or a composition formula: (M1-xEux)2Si5N8, an oxonitridoaluminosilicate phosphor represented by a composition formula:
(M1-xEux)2Si4AlON7) in place of the SrAlSiN3:Eu2+ red phosphor, the similar functional effect is recognized. In the above-
mentioned composition formula, "M" is at least one element selected from the group consisting of Mg, Ca, Sr, Ba, and
Zn, and "x" is a numerical value satisfying 0.005 ≤ x ≤ 0.3.
[0287] Furthermore, the green phosphor and the yellow phosphor are not limited to those used in the above-mentioned
examples. It also is possible to use any phosphor emitting light having an emission peak in a wavelength range of 525
nm to less than 600 nm, for example, a phosphor having an excitation peak on a longest wavelength side of an excitation
spectrum in a wavelength range of less than 420 nm. Even when a YAG:Ce phosphor that is known as a phosphor used
for a white LED (e.g., a (Y3(Al, Ga)5O12:Ce3+ green phosphor, a Y3Al5O12:Ce3+ green phosphor, a (Y, Gd)3Al5O12:Ce3+

yellow phosphor, a Y3Al5O12:Ce3+, Pr3+ yellow phosphor) is used as the above-mentioned green phosphor or yellow
phosphor, the similar functional effect is recognized.

Reference Example 28

[0288] In the present example, a card-type illumination module light source shown in FIGS. 41 and 42 was produced
by mounting a violet LED chip emitting light having an emission peak in the vicinity of 405 nm with GaInN being a light-
emitting layer, in place of the blue LED chip 49 described in Reference Example 26 or 27, and the emission characteristics
thereof were evaluated. The output light of the present example was at least mixed-color light mainly containing light
emitted by a phosphor included in the phosphor layer 3, which was excited with light emitted by the violet LED chip to
emit light. Furthermore, arbitrary white light was obtained as the output light by appropriately selecting the kind and
amount of the phosphor.
[0289] Hereinafter, the phosphor layer 3 of the present example will be described in detail.
[0290] The phosphor layer 3 was formed by hardening epoxy resin with a phosphor added thereto by drying. In the
present example, three kinds of phosphors were used: a SrAlSiN8:Eu2+ red phosphor (center particle diameter: 2.2 mm,
maximum internal quantum efficiency: 60%, internal quantum efficiency under the excitation of 405 nm: about 60%)
having an emission peak in the vicinity of a wavelength of 625 nm, a (Ba, Sr)2SiO4:Eu2+ green phosphor (center particle
diameter: 15.2 mm, maximum internal quantum efficiency: 97%, internal quantum efficiency under the excitation of 405
nm: about 97%) having an emission peak in the vicinity of a wavelength of 535 nm, and a BaMgAl10O17:Eu2+ blue
phosphor (center particle diameter: 8.5 mm, maximum internal quantum efficiency: about 100%, internal quantum effi-
ciency under the excitation of 405 nm: about 100%) having an emission peak in the vicinity of a wavelength of 450 nm.
As the epoxy resin, two-solution mixed epoxy resin of epoxy resin (main agent) mainly containing bisphenol A type liquid
epoxy resin and epoxy resin (curing agent) mainly containing an alicyclic acid anhydride was used. The production
conditions for the above-mentioned SrAlSiN3:Eu2+ red phosphor have not been optimized. Therefore, although the
internal quantum efficiency is low, it is possible to improve the internal quantum efficiency by at least 1.5 times by
optimizing the production condition. The SrAlSiN3:Eu2+ red phosphor, the (Ba, Sr)2SiO4:Eu2+ green phosphor, and the
BaMgAl10O17:Eu2+ blue phosphor were mixed in a weight ratio of about 6:11:30, and the mixed phosphor and epoxy
resin were mixed in a weight ratio of about 1:3 (phosphor concentration = 25% by weight).

Comparative Example 7

[0291] A card-type illumination module light source was produced in the same way as in Reference Example 28 using
three kinds of phosphors: a La2O2S:Eu3+ red phosphor (center particle diameter: 9.3 mm, maximum internal quantum
efficiency: 84%, internal quantum efficiency under the excitation of 405 nm: about 50%) having an emission peak in the
vicinity of a wavelength of 626 nm, a (Ba, Sr)2SiO4:Eu2+ green phosphor (center particle diameter: 15.2 mm, maximum
internal quantum efficiency: 97%, internal quantum efficiency under the excitation of 405 nm: about 97%) having an
emission peak in the vicinity of a wavelength of 535 nm, and a BaMgAl10O17:Eu2+ blue phosphor (center particle diameter:
8.5 mm, maximum internal quantum efficiency: about 100%, internal quantum efficiency under the excitation of 405 nm:
about 100%) having an emission peak in the vicinity of a wavelength of 450 nm. As the phosphor layer 3, a La2O2S:
Eu3+ red phosphor, a (Ba, Sr)2SiO4:Eu2+ green phosphor, and a BaMgAl10O17:Eu2+ blue phosphor were mixed in a
weight ratio of about 155:20:33, and the mixed phosphor and epoxy resin were mixed in a weight ratio of about 1:3
(phosphor concentration = 25% by weight). Then, in the same way as in Reference Example 28, output light was obtained
by allowing a current to flow through the semiconductor light-emitting device, and the emission characteristics thereof
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were evaluated.
[0292] The thickness of the phosphor layer 3 was set to be about 500 mm in Reference Example 28 and Comparative
Example 7 so as to obtain white light with equal light color (correlated color temperature: about 3800 K, duv, chromaticity).
[0293] Hereinafter, the emission characteristics of the light-emitting devices of Reference Example 28 and Comparative
Example 7 will be described.
[0294] FIGS. 51 and 52 respectively show emission spectra in Reference Example 28 and Comparative Example 7.
As is understood from FIGS. 51 and 52, the light-emitting devices in Reference Example 28 and Comparative Example
7 emit white light having an emission peak in the vicinity of 405 nm, 450 nm, 535 nm, and 625 nm, i.e., white light owing
to the color mixture of violet light, blue light, green light, and red light. The emission peak in the vicinity of 405 nm
represents the leakage of light of the violet light-emitting element, and the emission peaks in the vicinity of 450 nm, 535
nm, and 625 nm represent light obtained by converting the above-mentioned violet light by the phosphors.
[0295] Table 9 shows the emission characteristics of the light-emitting devices of Reference Example 28 and Com-
parative Example 7.

[0296] In Table 9, "duv" represents an index showing a shift of white light from a blackbody radiation path. "Ra"
represents an average color rendering index and "R1" to "R15" represent special color rendering indexes, which show
how faithfully test light reproduces test color, with the color seen in reference light being 100. In particular, "R9" is a red
special color rendering index.
[0297] In spite of the fact that production condition of the phosphor has not been optimized, and a low-performance
red phosphor with a maximum internal quantum efficiency of 60% is used, in Reference Example 28, white light with a
relative luminous flux higher by 17% than that of Comparative Example 7 was emitted under the condition of substantially
the same light color (correlated color temperature, duv, and chromaticity). The maximum internal quantum efficiency of
a red phosphor used in Comparative example 7 is 83%, so that the output efficiency of the light-emitting device can be
improved further by about 20%. In the case of the red phosphor used in Reference Example 28, the maximum internal
quantum efficiency is 60%, so that there is a room for enhancing white output of the light-emitting device by at least

Table 9

Reference Example 28 Comparative Example 7

Correlated color temperature (K) 3800 3792

Duv 0 0.03

Chromaticity (x, y) (0.3897, 0.3823) (0.3901,0.3826)

Relative luminous flux (%) 117 100

Ra 96 78

R1 98 71

R2 97 93

R3 92 82

R4 93 67

R5 98 77

R6 98 85

R7 96 85

R8 95 66

R9 83 34

R10 92 91

R11 90 62

R12 92 90

R13 99 77

R14 94 86

R15 97 71
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about 65%. More specifically, theoretically, white light with a higher luminous flux will be emitted with a material config-
uration of the light-emitting device of Reference Example 28.
[0298] Furthermore, in the case where the light-emitting device of Example 28 was configured so as to emit white
light with a correlated color temperature of 3800 K by combining at least the above-mentioned phosphors, the light-
emitting device thus configured exhibited Ra larger than that of Comparative Example 7. Furthermore, in all the special
color rendering indexes R1 to R15, as well as R9, larger numerical values than those of Comparative Example 7 were
obtained This shows that white light with a very satisfactory color rendering property is emitted in Reference Example 28.
[0299] The light-emitting device of Reference Example 28 emits white light having a high color rendering property in
which the numerical values of the special color rendering indexes R1 to R15 are at least 80, which is close to the sunlight.
Such a light-emitting device is particularly suitable for a medical purpose. For example, an LED light source applicable
to an endoscope or the like can be provided, and an excellent endoscope system capable of diagnosing under light
close to the sunlight can be provided.
[0300] Hereinafter, in order to investigate the light, color that satisfies both the high color rendering property and the
high luminous flux of the above-mentioned light-emitting device, the results were obtained by evaluating, by simulation,
Ra and the behavior of a relative luminous flux of white light emitted by the light-emitting devices of Reference Example
28 and Comparative Example 7, in the case of varying the correlated color temperature with duv being set to be 0.
[0301] FIG. 53 shows the results obtained by evaluating, by simulation, a relative luminous flux of white light emitted
by the light-emitting devices of Reference Example 28 and Comparative Example 7 in the case of varying a correlated
color temperature. It is understood from FIG. 53 that the light-emitting device of Reference Example 28 emits white light
having a luminous flux higher by about 10 to 20% than that of Comparative Example 7 over a wide correlated color
temperature range of 2000 K to 12000 K. Furthermore, it is understood that the light-emitting device of Reference
Example 28 shows a relatively high luminous flux corresponding to at least 110 to 115% level of a luminous flux in the
case of setting the correlated color temperature to be 3792 K in Comparative Example 7, when a light-emitting device
with a correlated color temperature of output light of 2500 K to 12000 K, preferably 3500 K to 7000 K. The luminous flux
in the case of setting the correlated color temperature of Comparative Example 7 is represented by a solid line in FIG. 53.
[0302] Hereinafter, regarding the respective phosphors used in Reference Example 28 and Comparative Example 7,
assuming that the production condition is sufficiently optimized and a phosphor with a maximum internal quantum
efficiency of 100% is obtained, the results obtained by evaluating, by simulation, a luminous flux in the case of using
this ideal phosphor will be described. In this simulation, the internal quantum efficiency under the excitation of 405 nm
of each phosphor was estimated and evaluated from FIGS. 30, 32, 37, and 40, as shown in the following Table 10.

[0303] FIG. 54 shows the results obtained by evaluating, by simulation, a relative luminous flux of white light emitted
by the light-emitting devices of Reference Example 28 and Comparative Example 7 in the case of varying a correlated
color temperature, when using the ideal phosphor. It is understood from FIG. 54 that, in the case of using the ideal
phosphor, the light-emitting device of Reference Example 28 emits white light with a luminous flux higher by about 45
to 65% than that in Comparative Example 7 over a correlated color temperature range of 2000 K to 12000 K. Furthermore,
in the case of producing a light-emitting device with a correlated color temperature of white light of 2500 K to 12000,
preferably 3500 K to 6000 K, the light-emitting device thus produced exhibits a relatively high luminous flux corresponding
to at least 150 to 160% of a luminous flux in the case of setting the correlated color temperature to be 3792 K in
Comparative Example 7. The luminous flux in the case of setting the correlated color temperature of Comparative
Example 7 to be 3792 K is represented by a solid line in FIG. 54.
[0304] More specifically, depending upon the future enhancement of performance of a SrAlSiN3:Eu2+ red phosphor,
it can be expected that a light-emitting device emitting a luminous flux higher by about 45 to 65% than that in Comparative
Example 7 is obtained under the evaluation of the same correlated color temperature.
[0305] FIG. 55 shows the results obtained by evaluating, by simulation, an average color rendering index (Ra) of white
light emitted by the light-emitting devices of Reference Example 28 and Comparative Example 7 in the case of varying
a correlated color temperature. It is understood that the light-emitting device of Reference Example 28 exhibits high Ra
of at least 90 over a wide correlated color temperature range of 2000 K to 12000 K of a correlated color temperature of

Table 10

Phosphor Internal quantum efficiency (%)

SrAlSiN3:Eu2+ red phosphor 100

La2O2S:Eu3+ red phosphor 60

(Ba, Sr)2SiO4:Eu2+ green phosphor 100

BaREgAl10O17:Eu2+ blue phosphor 100
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white light, and exhibits very high Ra of at least 95 over a wide correlated color temperature range of 3000 K to 12000 K.
[0306] FIG. 56 shows the results obtained by evaluating, by simulation, a red special color rendering index (R9) of
white light emitted by the light-emitting device of Reference Example 28 and Comparative Example 7 in the case of
varying a correlated color temperature. The light-emitting device of Reference Example 28 with a correlated color
temperature of 2500 K to 12000 K shows a numerical value of R9 larger than that in Comparative Example 7. Furthermore,
the light-emitting device exhibits high R9 of at least 30 over a wide correlated color temperature of white light of 2000
K to 12000 K, at least 70 in a range of 3000 K to 12000 K, at least 80 in a range of 3500 K to 12000 K, and at least 90
in a range of 5000 K to 12000 K. Thus, a preferable light-emitting device emitting white light having a high red color
rendering index is obtained. The maximum value (96 to 98) of R9 was obtained in a correlated color temperature range
of 6000 K to 8000 K.
[0307] It is understood from FIGS. 53 to 55 that the light-emitting device of Reference Example 28 emits white light
with a higher luminous flux and higher Ra than those in Comparative Example 7 over a wide correlated color temperature
range of 2000 K to 12000 K. Furthermore, it is understood that, in the case of producing a light-emitting device with a
correlated color temperature of white light of 2500 K to 12000 K, preferably 3500 K to 7000 K, and more preferably 4000
K to 5500 K, a light-emitting device that satisfies both a high luminous flux and high Ra can be obtained.
[0308] Furthermore, it is understood from FIGS. 53 to 56 that the light-emitting device of Reference Example 28 emits
white light with a higher luminous flux and higher R9 than those of Comparative Example 7 over a wide correlated color
temperature range of 2500 K to 12000 K. Furthermore, in the case of producing a light-emitting device with a correlated
color temperature of white light of 3000 K to 12000 K, preferably 3500 K to 12000 K, more preferably 5000 K to 12000
K, and most preferably 6000 K to 8000 K, a light-emitting device that satisfies both a high luminous flux and high R9 is
obtained.
[0309] FIG. 57 shows simulation data of an emission spectrum of the light-emitting device of Reference Example 28
that emits white light in a warm color with a correlated color temperature of 4500 K (duv = 0) having a particularly
preferable luminous flux and Ra. In the case of this emission spectrum, chromaticity (x, y) is (0.3608, 0.3635); Ra is 96;
R1 is 98; R2 and R6 to R8 are 97; R3, R10, and R11 are 91; R4 and R14 are 94; R5, R13, and R15 are 99; and R9 and
R12 are 88. It is understood that this can provide a light-emitting device emitting white light having a satisfactory color
rendering property with all the special color rendering indexes of R1 to R15 being at least 85. The shape of this light-
emitting spectrum represents a ratio in intensity of an emission peak in a wavelength range of 400 to 410 nm by a violet
LED and an emission peak in a wavelength range of 440 to 460 nm, 520 to 540 nm, and 610 to 640 nm by a RGB
phosphor in Reference Example 28 emitting light based on 5d-4f electron transition of rare earth ions (i.e., 400-410 nm :
440-460 nm : 520-540 nm : 610-640 nm is 8-10 : 12-14 : 15-17 : 16-18). One preferable embodiment of the present
invention is a light-emitting device that emits white light in a warm color having an emission spectrum shape in which
an emission peak has the above-mentioned ratio. The phosphor emitting light based on 5d-4f electron transition of rare
earth ions refers to a phosphor mainly containing rare earth ions such as Eu2+ or Ce8+ as a luminescent center ion.
Such a phosphor has a similar emission spectrum shape irrespective of the kind of a phosphor host in the case where
the wavelength of an emission peak is the same.
[0310] FIG. 58 shows simulation data of an emission spectrum of the light-emitting device of Reference Example 28
emitting white light with a correlated color temperature of 5500 K (duv = 0) having a particularly preferable luminous flux
and Ra. In the case of this emission spectrum, chromaticity (x, y) is (0.3324, 0.3410); Ra is 96; R1 and R13 are 98; R2,
R8, and R15 are 97; R3 and R12 are 90; R4 is 92; R5 is 99; R6 is 96; R7 is 95; R9 and R14 are 94; and R10 and R11
are 91. More specifically, according to the present invention, it also is possible to provide, for example, a light-emitting
device that emits white light close to the sunlight suitable for a medical purpose, with all the special color rendering
indexes R1 to R15 being at least 90. The shape of this emission spectrum represents a ratio in intensity of an emission
peak in a wavelength range of 400 to 410 nm by a violet LED and an emission peak in a wavelength range of 440 to
460 nm, 520 to 540 nm, and 610 to 640 nm by an RGB phosphor of Reference Example 28 emitting light based on 5d-
4f electron transition of rare earth ions (i.e., 400-410 nm : 440-460 nm : 520-540 nm : 610-640 nm is 4-6 : 9-11 : 8-10 :
7-9). One reference enbodiment is a light-emitting device emitting white light having an emission spectrum shape in
which an emission peak has the above-mentioned ratio.
[0311] In Reference Example 28, the case has been described where the light-emitting device is composed of a
combination of a violet LED and three kinds of red, green, and blue (RGB) phosphors, and SrAISiN3:Eu2+ is used as a
red phosphor. Even in the case where the light-emitting device is configured by combining at least the above-mentioned
violet LED with a phosphor represented by a composition formula: (M1-xEux)AlSiN3 such as SrAISiN3:Eu2+ or CaAlSiN3:
Eu2+, and four kinds of red, yellow, green, and blue (RYGB) phosphors or three kinds of red, yellow, and blue (RYB)
phosphors are used, the same function and effect are recognized.
[0312] Furthermore, in Reference Example 28, the case using a SrAlSiN3:Eu2+ red phosphor has been described.
However, the present exemple is not limited thereto, as long as a phosphor is represented by a composition formula:
(M1-xEux)AlSiN3, where "M" is at least one element selected from the group consisting of Mg, Ca, Sr, Ba, and Zn, and
"x" is a numerical value satisfying 0.005 ≤x≤ 0.3. Furthermore, a green phosphor is not limited to that used in the above
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example, as long as it is a green phosphor emitting light having an emission peak in a wavelength range of 500 nm to
less than 560 nm. A yellow phosphors emitting light having an emission peak in a wavelength range of 560 nm to less
than 600 nm may be used in place of the green phosphor. The above-mentioned green or yellow phosphor having
preferable emission output is the one activated with Eu2+ or Ce3+.
[0313] The characteristics of the SrAlSiN3:Eu2+ red phosphor are similar to those of the conventional red phosphors,
for example, a nitride phosphor or an oxynitride phosphor such as SrSiN2:Eu2+, Sr2Si5N8:Euz+, or Sr2Si4AlON7:Eu2+.
Therefore, even in the case of using the above-mentioned conventional nitride phosphor or oxynitride phosphor in place
of a SrAISiN3:Eu2+ red phosphor In Reference Example 27 or 28, the same functional effect is recognized.
[0314] Hereinafter, for reference, a method for producing SrAISiN3:Eu2+, Sr2Si5N8:Eu2+, SrSiN2:Eu2+, (Ba, Sr)2SiO4:
Eu2+ (emission peak: 555 nm)), (Ba, Sr)2SiO4:Eu2+ (emission peak: 535 nm), (Ba, Sr)2SiO4:Eu2+ (emission peak: 520
nm), and (Sr, Ba)2SiO4:Eu2+ (emission peak: 570 nm), among the above-mentioned phosphors, will be described. As
the Y3Al5O12:Ce3+ yellow phosphor, the La2O2SiEu3+ red phosphor, and the BaMgAl10O17:Eu2+ blue phosphor, those
which are available commercially were used
[0315] Tables 11 and 12 show the mass of material compounds used for producing each phosphor.

[0316] A method for producing three kinds of red phosphors shown in Table 11 will be described. First, predetermined
compounds shown in Table 11 were mixed in a dry nitrogen atmosphere with a glove box, a mortar, etc. to obtain mixed
powder. At this time, an accelerant (flux) was not used. Next, the mixed powder was placed in an alumina crucible- The
mixed powder was fired provisionally in a nitrogen atmosphere at 800˚C to 1400 ˚C for 2 to 4 hours, and fired in an
atmosphere of 97% nitrogen and 3% hydrogen at 1600˚C to 1800˚C for 2 hours to synthesize a red phosphor After the
firing, the body color of the phosphor powder was orange. After the firing, predetermined aftertreatments such as
pulverizing, classification, washing, and drying were performed to obtain a red phosphor
[0317] Next, a method for producing four kinds of green phosphors and yellow phosphors shown in Table 12 will be
described. First, predetermined compounds shown in Table 12 were mixed in the atmosphere with a mortar to obtain
mixed powder. Then, the mixed powder was placed in an alumina crucible. The mixed powder was fired provisionally
in the atmosphere at 950˚C to 1000˚C for 2 to 4 hours to obtain provisionally fired powder. As a flux, 3.620 g of calcium
chloride (CaCl2) powder was added to the provisionally fired powder and mixed therewith. Thereafter, the resultant
powder was fired in an atmosphere of 97% nitrogen and 3% hydrogen at 1200˚C to 1300˚C for 4 hours, whereby a green
phosphor and a yellow phosphor were synthesized. The body color of the phosphor powder after the firing was green
to yellow. After the firing, predetermined aftertreatments such as pulverizing, classification, washing, and drying were
performed to obtain a green phosphor and a yellow phosphor.
[0318] The examples disclosed in this application are to be considered in all respects as illustrative and not limiting.
The scope of the invention is indicated by the appended claims rather than by the foregoing description.

Table 11

Phosphor
Phosphor ingredient (g)

Sr3N2 Si3N4 AIN Eu2O3

SrAISiN3=Eu2+ 10.000 4.291 4.314 0.370

Sr2Si5N8:Eu2+ 10.000 12.303 0 0.370

SrSiN2:Eu2+ 10.000 4.291 0 0.370

Table 12

Phosphor
Phosphor ingredient (g)

BaCO3 SrCO3 SiO2 Eu2O3

(Ba, Sr)2SiO4=Eu2+ (Peak:520nm) 386.457 183.348 100.000 11.480

(Ba, Sr)2SiO4:Eu2+ (Peak: 535 nm) 257.638 279.847 100.000 11.480

(Ba, Sr)2SiO4:EU2+ (Peak: 555 nm 128.819 376.345 100.000 11.480

<Sr, Ba)2SiO4:Eu2+ (Peak: 570
nm)

32.205 448.719 100.000 11.480
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Industrial Applicability

[0319] The phosphor composition may contain a composition represented by a composition formula: aM3N2 · BAIN ·
cSi3N4 as a main component of a phosphor host. In the composition formula, "M" is at least one element selected from
the group consisting of Mg, Ca, Sr, Ba, and Zn, and "a", "b", and "c" are numerical values respectively satisfying 0.2 ≤
a/(a + b) ≤ 0.95, 0.05 ≤ b/(b + c) ≤ 0.8, and 0.4 ≤ c/(c + a) ≤ 0.95. In particular, the phosphor composition may contain
a composition represented by a composition formula: MAISiN3 as a main component of a phosphor host. Therefore, a
novel phosphor can be provided, which is capable of being excited with ultraviolet light - near-ultraviolet light - violet
light - blue light - green light - yellow light - orange light, in particular, red light in a warm color.
[0320] Furthermore, according to a method for producing a phosphor composition , a material containing a compound
capable of generating an oxide of the above-mentioned element "M" by heating, a silicon compound, an aluminum
compound, a compound containing an element forming a luminescent center ion, and carbon is allowed to react in a
nitriding gas atmosphere. Therefore, the phosphor composition can be produced using an inexpensive material that is
easy to handle without using a nitride of alkaline-earth metal or alkaline-earth metal that is unstable chemically, difficult
to handle in the atmosphere, and expensive. Thus, a novel nitride phosphor composition having satisfactory material
performance can be industrially produced at a low cost.
[0321] Furthermore, the light-emitting device is configured using, as a light-emitting source, the above-mentioned
novel, high-performance, and inexpensive phosphor composition that emits light in a warm color, in particular, red light.
Therefore, a light-emitting device (LED light source, etc.) can be provided, which has a high red light-emitting component
intensity and high performance, and is inexpensive and novel in terms of the material configuration.
[0322] Furthermore, a light-emitting device emitting white light can be provided, which satisfies both a high color
rendering property and a high luminous flux. In particular, a light-emitting device such as an LED light source can be
provided, which emits white light in a warm color and has a high emission intensity of a red light-emitting component.

Claims

1. A phosphor composition comprising, as a main component of a phosphor host, a nitride represented by any of a
composition formula of MAISiN3·a’Si3N4, MAISiN3·a’MSiN2, MAlSiN3·a’M2Si5N8, and MAlSiN3·a’MSi7N10, and com-
prising a metal ion selected from rare earth ions and transition metal ions as a luminescent center ion, wherein M
is at least one element selected from the group consisting of Mg, Ca, Sr, Ba, and Zn, and a’ is a numerical value
satisfying 0.25 ≤ a’ ≤ 2.

2. The phosphor composition according to claim 1, wherein a main component of the element M is at least one element
selected from Ca and Sr.

3. The phosphor composition according to claim 2, wherein a main component of the element M is Sr.

4. The phosphor composition according to claim 3, wherein the phosphor host is a composition represented by a
composition formula: SrAISi4N7.

5. The phosphor composition according to claim 1, wherein a part of the element Al is replaced by an element capable
of taking a trivalent state, and a replacement amount thereof is less than 30 atomic% with respect to the element Al.

6. The phosphor composition according to claim 1, containing at least one of a metal impurity element and a gasifiable
impurity element in an amount corresponding to at least 10 atomic % with respect to at least one of the elements
M, Al, Si and N.

7. The phosphor composition according to claim 6, wherein the gasifable impurity element is oxygen.

8. The phosphor composition according to claim 1, wherein the luminescent center ion is at least one ion selected
from Ce3+ and Eu2+.

9. The phosphor composition according to claim 8, wherein an addition amount of the luminescent center ion is 0.5
atomic% to 10 atomic% with respect to the element M.

10. The phosphor composition according to claim 8, wherein the luminescent center ion is Eu2+, and the phosphor
composition has an emission peak in a wavelength range of 580 nm to less than 660 nm.



EP 2 113 549 B1

42

5

10

15

20

25

30

35

40

45

50

55

11. A light-emitting device comprising, as a light-emitting source, the phosphor composition of claim 1.

12. The light-emitting device according to claim 11, further comprising an emission source emitting primary light of 360
nm to less than 560 nm, wherein the phosphor composition absorbs the primary light emitted by the emission source
to emit secondary light having a wavelength larger than that of the primary light.

13. The light-emitting device according to claim 12, wherein the emission source is an injection type electroluminescent
element.

14. The light-emitting device according to claim 13, which is a white light-emitting element.

15. The light-emitting device according to claim 13, which is a display device containing a white light-emitting element,
a light source containing a white light-emitting element, or an illumination device containing a white light-emitting
element.

Patentansprüche

1. Leuchtstoffzusammensetzung, welche als Hauptkomponente einer Leuchtstoffwirtssubstanz ein Nitrid einer der
Formeln MAISiN3 · a’ Si3N4, MAlSiN3 · a’ MSiN2, MAlSiN3 . a’ M2Si5N8 und MAISiN3 · a’ MSi7N10 umfasst und ein
Metallion, das aus Seltenerdelementionen und Übergangsmetallionen ausgewählt ist, als lumineszierendes Zen-
tralion umfasst, wobei M für mindestens ein Element steht, das aus der Gruppe ausgewählt ist, die aus Mg, Ca, Sr,
Ba und Zn besteht, und a’ für einen numerischen Wert steht, der der Ungleichung 0,25 ≤ a’ ≤ 2 genügt.

2. Leuchtstoffzusammensetzung gemäß Anspruch 1, wobei eine Hauptkomponente des Elements M mindestens ein
Element ist, das aus Ca und Sr ausgewählt ist.

3. Leuchtstoffzusammensetzung gemäß Anspruch 2, wobei eine Hauptkomponente des Elements M Sr ist.

4. Leuchtstoffzusammensetzung gemäß Anspruch 3, wobei es sich bei der Leuchtstoffwirtssubstanz um eine Zusam-
mensetzung der Formel SrAISi4N7 handelt.

5. Leuchtstoffzusammensetzung gemäß Anspruch 1, wobei eine Teilmenge des Elements Al durch ein Element ersetzt
ist, das einen trivalenten Zustand annehmen kann, und die Ersetzungsmenge weniger als 30 Atom-% beträgt,
bezogen auf das Element Al.

6. Leuchtstoffzusammensetzung gemäß Anspruch 1, welche mindestens eines aus einem Metallfremdelement und
einem vergasbaren Fremdelement in einer Menge enthält, die mindestens 10 Atom-% entspricht, bezogen auf
mindestens eines der Elemente M, Al, Si und N.

7. Leuchtstoffzusammensetzung gemäß Anspruch 6, wobei es sich bei dem vergasbaren Fremdelement um Sauerstoff
handelt.

8. Leuchtstoffzusammensetzung gemäß Anspruch 1, wobei es sich bei dem lumineszierenden Zentralion um minde-
stens ein Ion handelt, das aus Ce3+ und Eu2+ ausgewählt ist.

9. Leuchtstoffzusammensetzung gemäß Anspruch 8, wobei eine Zugabemenge des lumineszierenden Zentralions
0,5 Atom-% bis 10 Atom-% beträgt, bezogen auf das Element M.

10. Leuchtstoffzusammensetzung gemäß Anspruch 8, wobei es sich bei dem lumineszierenden Zentralion um Eu2+

handelt und die Leuchtstoffzusammensetzung einen Emissionspeak in einem Wellenlängenbereich von 580 nm
bis unter 660 nm aufweist.

11. Lichtemittierende Vorrichtung, welche als Lichtemissionsquelle die Leuchtstoffzusammensetzung gemäß Anspruch
1 umfasst.

12. Lichtemittierende Vorrichtung gemäß Anspruch 11, welche ferner eine Emissionsquelle umfasst, die Primärlicht
von 360 nm bis 560 nm emittiert, wobei die Leuchtstoffzusammensetzung das von der Emissionsquelle emittierte
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Primärlicht absorbiert und Sekundärlicht einer Wellenlänge emittiert, die höher ist als die des Primärlichts.

13. Lichtemittierende Vorrichtung nach Anspruch 12, wobei es sich bei der Emissionsquelle um ein Elektrolumineszenz-
Element des Injektionstyps handelt.

14. Lichtemittierende Vorrichtung nach Anspruch 13, bei welcher es sich um ein Weißlicht emittierendes Element han-
delt.

15. Lichtemittierende Vorrichtung nach Anspruch 13, bei welcher es sich um eine Anzeigevorrichtung, die ein Weißlicht
emittierendes Element enthält, eine Lichtquelle, die ein Weißlicht emittierendes Element enthält, oder eine Beleuch-
tungsvorrichtung handelt, die ein Weißlicht emittierendes Element enthält.

Revendications

1. Composition de phosphore comprenant, en tant que composant principal d’un hôte de phosphore, un nitrure repré-
senté par l’une quelconque des formules de composition MAISiN3·a’Si3N4, MAISiN3.a’MSiN2, MAlSiN3.a’M2Si5N8
et MAlSiN3-a’MSi7N10, et comprenant un ion métallique sélectionné parmi les ions terres rares et les ions des
métaux de transition en tant qu’ion de centre luminescent, dans laquelle M est au moins un élément sélectionné
dans le groupe consistant en Mg, Ca, Sr, Ba et Zn, et a’ est une valeur numérique satisfaisant 0,25 ≤ a’ ≤ 2.

2. Composition de phosphore selon la revendication 1, dans laquelle un composant principal de l’élément M est au
moins un élément sélectionné parmi Ca et Sr.

3. Composition de phosphore selon la revendication 2, dans laquelle un composant principal de l’élément M est Sr.

4. Composition de phosphore selon la revendication 3, dans laquelle l’hôte de phosphore est une composition repré-
sentée par une formule de composition: SrAlSi4N7.

5. Composition de phosphore selon la revendication 1, dans laquelle une partie de l’élément Al est remplacée par un
élément capable de prendre un état trivalent, et une quantité de remplacement de celui-ci est inférieure à 30%
atomique par rapport à l’élément Al.

6. Composition de phosphore selon la revendication 1, contenant au moins l’un d’un élément d’impureté métallique
et un élément d’impureté gazéifiable dans une quantité correspondant à au moins 10% atomique par rapport à au
moins un des éléments M, Al, Si et N.

7. Composition de phosphore selon la revendication 6, dans laquelle l’élément d’impureté gazéifiable est oxygène.

8. Composition de phosphore selon la revendication 1, dans laquelle l’ion de centre luminescent est au moins un ion
sélectionné parmi Ce3+ et Eu2+.

9. Composition de phosphore selon la revendication 8, dans laquelle une quantité additionnelle d’ion de centre lumi-
nescent est de 0,5% atomique à 10% atomique par rapport à l’élément M.

10. Composition de phosphore selon la revendication 8, dans laquelle l’ion de centre luminescent est Eu2+, et la com-
position de phosphore a un pic d’émission dans une plage de longueurs d’onde de 580 nm à moins de 660 nm.

11. Dispositif d’émission de lumière comprenant, en tant que source émettrice de lumière, la composition de phosphore
selon la revendication 1.

12. Dispositif d’émission de lumière selon la revendication 11, comprenant en outre une source émettrice émettant de
la lumière primaire de 360 nm à moins de 560 nm, dans lequel la composition de phosphore absorbe la lumière
primaire émise par la source émettrice pour émettre de la lumière secondaire ayant une longueur d’onde plus grande
que celle de la lumière primaire.

13. Dispositif d’émission de lumière selon la revendication 12, dans lequel la source émettrice est un élément électro-
luminescent du type à injection.
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14. Dispositif d’émission de lumière selon la revendication 13, qui est un élément émetteur de lumière blanche.

15. Dispositif d’émission de lumière selon la revendication 13, qui est un dispositif d’affichage contenant un élément
émetteur de lumière blanche, une source de lumière contenant un élément émetteur de lumière blanche, ou un
dispositif d’illumination contenant un élément émetteur de lumière blanche.
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